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ig single material effective against all the major severe at the same time. 
fungous diseases of tomatoes. Now a program 
is offered employing ‘‘Manzate’’ alone to con- At present, Du Pont’s recommendations for 


. trol diseases instead of alternate chemicals use of “‘Manzate’’ apply only to tomatoes 
in separate sprays. ‘‘Manzate’’ is effective ae bee Experimental aise op of 

against early and late blight, anthracnose, Mansate samningpes wed nap available for 
gray leaf spot (Stemphylium), and Septoria research purposes. ‘“Manzate’’ will be tested 
hat apot in 1952 on many other vegetable and fruit 
crops. For further information, write 

FOR POTATOES, ‘‘Manzate’’ is particularly Du Pont, Grasselli Chemicals Department, 


effective against both early blight and late Wilmington, Delaware. 
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DIRECT EVIDENCE FOR THE MULTIPLICATION OF ASTER-YELLOWS VIRUS 
IN ITS INSECT VECTOR! 


Karl 


Although transevarial passages (5, 6. 10, 11) of two 
plant viruses through the eggs ‘of their vectors pro- 
vided evidence of virus multiplication in these vectors, 
the evidence was considered inadequate by some work- 
ers (1). This stimulated a return to the problem. It 
seemed that the question of whether or not any given 
plant virus multiplied in its insect vector could easily 
be settled if the virus were carried in serial passages 
from insect to insect. with the inoculum adequately 
diluted at Such a test 
the animal virus of encephalomyelitis — by 
Merrill and TenBroeck 
was available for any plant virus. 
Black (3) 
mitted by 


each passage. was made for 
equine 
(25). but no similar evidence 
The discovery by 
that aster-yellows virus could be trans- 
needle inoculations to its insect vector. the 
aster leafhopper Uhler. 


possible to obtain such evidence for aster-yellows virus 


Vacrosteles divisus made it 


\ preliminary report of work on 
This 


passages 


in its carrier insect. 
the problem has already been presented (20). 
detail ten consecutive 
experiments started in 
period of 13 


describes in 
leafhopper in 
carried out 


paper 
through the 
March 1950. 


months. 


and over a 


MATERIALS.—AII experiments were carried out unde 
controlled conditions of temperature. light. humidity. 
Figure 1 represents a diagram of 


The 


and wind velocity. 
one of the temperature control chambers used. 
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Fic. 1. Diagram of a temperature control chamber, with 
fluorescent lights (door removed). 
inside dimensions were 65 & 75 * 75 cm. A remova- 
ble ceiling made of 0.020-in. (0.5-mm.) transparent 
cellulose acetate was found to reduce the light in- 
tensity by only 2 per cent and at the same time to 
insulate the working part of the box sufficiently. Six 
holes, 0.5 cm. in diameter, were made in the celluloid 
to avoid excessive water vapor condensation on the 


1 Accepted for publication August 28, 1951. 
Awarded an A. Cressy Morrison Prize in Natural Science 
in 1951 by the New York Academy of Sciences. 
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ceiling. Two inner walls were perforated by 13 rows 
of holes, 0.5 cm. in diameter, 4 cm. apart. These 
holes served primarily for air flow, but were also used 
for the insertion of metal blocks which supported the 
platform at desired levels. Behind one of the perfo 
rated walls a heater of high-resistance wire was placed 
and covered by a metal box with a blower. The speed 
of this blower was regulated by a rheostat. The air 
flow was directed through the space below the proper 
inside box and back into it through the opposite wall, 
as indicated in the diagram. It proved desirable to 
cover the holes below the platform by pieces of card- 
board. A gas bulb thermostat (Minneapolis 
Honeywell) was placed behind the wall opposite te 
the heater. The boxes were kept in an air-conditioned 
room at 10° C. and the inside temperature maintained 
at 25° + 0.5° C. Cool air from the room entered 
each box through holes in the outer walls and mixed 
Fluorescent 


iype 


continuously with the warm air inside. 
lamps were chosen as the source of light because of 
their low temperature, in spite of some disadvantages 
like low intensity and excessive weight of electric re- 
sistance (ballast) equipment, which could be partially 
Each box was lighted by 


or completely overcome, 





(Photograph by J. A. 


Fic. 2. View of the insectary. 


Carlile.) 


19 fluorescent tubes, mounted on a panel as close to- 
gether as their widths made practical. The ballasts 
were placed outside the room so that their heat was 
not dissipated in the refrigerated area. By means of 
separate switches, each fluorescent tube could be con- 
nected with either one or two ballasts. By the use 
of double ballasts for single lights, the intensity was 
increased by approximately 60 per cent. With new 
tubes at a distance of 44 cm. (19 in.) from the plastic 
ceiling, the maximum intensity of light was 4000 foot- 
candles, whereas with single ballasts at the same dis- 
tance it was 2500 foot-candles. The ballast arrange- 


59 

















ments were suggested by Went’s des ription ot the 


Earhart Plant Research Laboratory in Pasadena (31) 
The lights were turned on for 16 hr. a day by a stand 
ard automatic electric clock 

China asters (Callistephus chinensis Nees). used as 
test plants. were grown from commercial seed in flats 


1 


and transplanted to 2%%-in. pots 

A stock colony of virus-free Macrosteles divisus 
Uhler was kept in an insectary (Fig. 2) on rye plants. 
which are immune from aster yellows 

A specially constructed microsyringe. calibrated to 
1/8000 cc.. described by McMaster and Hageboom 
(24), permitted an accurate measurement of the vol 
ume of inoculum introduced into each insect. Ordinary 
metal hypodermic needles of 23 to 26 gauge and Pyrex 


micropipettes cemented to them with a paste of lith 


arge and glycerine were used (2] Fig. 3). When a 
colony of insects was employed. the insects were mace! 
ated in a commercially availabl TenBroeck  tissur 
grinder (29). Single insects were ground in a similat 
micromortar of small dimensions Q 

MetHOobps. The viruliferous insects which served as 
virus source. were obtained by feeding 100 virus-free 


leafhoppers from stock containing approxi 
mately equal numbers of males and females on dis- 


eased aster plants for 2 weeks at 25° C. When tested 


individually for 2 days on ster BoD ot them pro ed 
infective. The 100 insects, weighing approximately 
140 megm.. were crushed in the tissue grinder and 
999.860 cc. of neutral buffered saline added at. the 


time of maceration. to make approximately a 1:7000 
dilution of the inseet pulp In subs quent passages the 
weight of the survivors was taken as the basis for 


making a 1:1000 dilution. Single insects weigh at least 


10 times as much as the inoculum used for their in 


jection (1.2 to 1.4 mg.. as compared to the weight of 
1/8000 ce. 0.12 mg.. approximately Therefore the 
actual dilution of the or ginal inoculum in each con 


secutive passage increased by a factor of 10-4 

The diluted pulp was centrifuged at 3000 1 p.m. for 
10 min. at 0° C. and the supernatant fluid was used 
rformed undet 


for injections. The injections were p 


Fic. 3. Method used for injecting a leafhopper. Arn 
cemented into a Pyrex capillary pipette. (Photograph 
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ow points to the end of a hypodermic needle that was 


by J. A. Carlile.) 


a fluorescent light and a magnifying glass in a cold- 
room at 0° C.. which immobilized the insects. An at- 
tempt was made to insert the needle between the third 
and fourth segment of the abdomen. thus introducing 
the measured amount of 1/8000 ce. into the abdominal 
cavity. This procedure was a modification of leaf 
hopper inoculations developed by Storey (27) and 
Black (3). The essential difference consisted of the 
introduction of a very small but accurately measured 
volume of inoculum. Figure 3 shows an insect during 
injection. The insects were pushed off the needle by 
means of an insect pin sealed in a glass rod; they 
were then slowly warmed to room temperature. Sub- 


? 


oO 











Fic. lL. Male and female VWacrosteles divisus Uhl r. Note 


larger size of females. (Photograph by J. A. Carlile.) 


sequently they were caged on rye plants (Secale cere- 
ale L.). and placed in chambers at 25° C. Females 
were employed for the injections because they were 
somewhat larger and therefore more easily injected. 
The size of the leafhoppers is illustrated in figure 4. 
Injected insects were transferred every 10 days to 
fresh rye plants and after 30 days the survivors were 
tested individually for 48 hr. on young aster plants. 
They were then macerated, diluted. and used for the 
next passage. The aster plants were kept under ob- 
servation in a greenhouse for 6 weeks after the re- 
moval of the insects. Noninjected control insects from 
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Tabie 1.-Serial passage of aster-yellows virus through the 
aster leajhopper 
No. of Days after 

Pas- injected injeculon on: Calculated 
age" insects Rye \sters” Survivors dilution 
A. 

| 200 30 2 36 (8) 10-3. 

2 300 30 2 16 (3) 10-5 

3 150 30 2 2 (0) 10-1- 

| 300 30 2 34 (5) 10-16 

5 100 30 2 » (0) 10--0 

6 200 0) 2 22 (5) 10-74 
B. 

7 100 6 54* 8 (2) 19-28 

8 2410 10 25’ 12 (4) 10-82 

y 50 19 13° l6 (6) 10-86 

10 50 30 20 ttl) 10-40 


The diluted insect juice in the fourth passage was filtered 
through sintered glass. 

Penicillin was added in the fourth, fifth, sixth, and sev- 
enth passages. 

"Individual 


insects were transferred to individual astet 
plants: *three times weekly; **every 5 days. 
“Number of infective survivors in parentheses. In series 


A, all 100 control insects for each passage survived, and in 
series B all 20 control insects for each passage survived. 


the same stock culture were caged on aster plants 
and transferred on the same days as the injected leaf 
hoppers. 

Serial 


results of infectivity tests of the first six passages were 


EXPERIMENTS AND RESULTS. passage.—Th 


not known at the time of maceration of the survivors. 


These passages are summarized in table 1, A. One 
hundred viruliferous insects were used as a source 
of virus in the first transfer. The leafhopper pulp 


1:7000. so that the dilution of 
the virus in the insect juices actually was greater than 
stated. 


(140 meg.) was diluted 


Parts of these diluted juices were injected into 
200 virus-free leafhoppers which were maintained for 
The 
survived were tested individually for 
After 3 weeks this test 
showed that eight hoppers were infective. In the mean- 


the succeeding 
36 insects that 
18 hr. on young aster plants. 


30 days on rye plants at 25° C. 


time the 36 insects were used as a source of virus for 
the next passage. Three hundred insects were injected; 
16 survived 30 days and were used for the third pas- 
sage. Three of them were later found to have been in- 
fective. In the third passage, 150 insects were injected 
and only two survived. These two survivors were mac- 
erated and, in an attempt to reduce the high mortality 
rate, penicillin added and the supernatant fil- 
tered through a coarse glass filter. Of 300 injected 
insects in this passage. 34 survived and five proved 
infective. Thus the was not lost in the third 
passage in spite of the negative infectivity test. Peni- 


Was 


virus 


cillin was also added in the next three passages. In 
the fifth 
these proved infective; in the sixth passage. five of 22 
survivors transmitted the virus. 

The four (Table 1, B) 
made with some modifications of the previously used 
method. The 22 survivors of the sixth 


passage five insects survived but none of 


following passages were 


passage were 
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macerated with the addition of penicillin, and 100 
virus-free insects were injected. Eight survived | period 
of 60 days and two of them were infective. The eight 
survivors served as a source for the injection of 240 
insects. of which 12 survived 65 days and four were 
infective. The insects of these two passages were not 
kept on rye continuously, but after a 6-day and a 
19-day period, respectively, they were caged on asters 
and transferred three times weekly. Only the four 
infective survivors of the eighth passage were used for 
the inoculum of the ninth group. The injected insects 
were transferred three times weekly to fresh asters. 
After 32 days, 16 of the 50 injected leafhoppers sur- 
vived and four of them proved infective. The tenth 
and last passage, with 50 injected leafhoppers. was 
kept 30 days on rye, then tested on aster plants. and 
of four survivors one proved to be infective. The esti- 
mated dilution inoculate the of the 
tenth passage in the series. if no multiplication had 
occurred, would be at least 10°, but aster-yellows 
virus in insect juices has been found infective at dilu- 
tions of 10° but not 10 or higher. 


used to insects 


In experiments which will be discussed in more de 
tail elsewhere (23), the concentration of virus in the 
first and ninth passages was measured by the use of 
a new method. The tests showed no decrease in virus 
concentration of the inoculum used in the ninth pas- 
sage over that used in the first, and provided further 
direct evidence for multiplication of aster-yellows virus 
in the insect host. 

Transfers of virus from “noninfective” viruliferous 
insects.—It was found, in two instances, that virus was 
carried over to the next group of insects although in- 
fectivity tests of the source insects proved negative. 
This occurred in the third and fifth passages. It is 
possible that some insects that did not transmit virus 
during the 48-hr. test feeding period were nevertheless 
infective, or that the incubation period of the virus in 
some insects was not completed by the time of their 
maceration. An attempt was therefore made to find 
whether or not very long incubation periods may ac- 
The insects 
of the seventh passage were kept for 54 days on test 


count for the negative infectivity tests. 


plants. and not, as in the first six passages, for but 2 
days. They were transferred to fresh plants three 
times weekly. The survivors were macerated individ- 
ually and diluted to 10° and groups of 30 insects in- 
jected with each dilution. Insects No. 5 and No. 30 
were infective in the seventh passage. The virus from 
No. 30 passed to two injected insects, whereas none of 
the insects injected with juice of No. 5 became in- 
fective. But the noninfective No. 21 of the seventh 
passage also contained enough virus to render two 
insects of the eighth passage infective. This may mean 
that in insect No. 21 the incubation period of the 
virus was not completed in the long span of 60 days 
which had elapsed since it was injected. This appears 
likely because in insect No. 5 of the seventh group 
the required incubation period was shown to be 52 
days. It should be mentioned that in other tests of 
insects that acquired the virus by feeding, the average 
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incubation period at 25° C. was 12 days. It was shown 


by Black (4) that aster-yellows virus can be recovered 
and transferred from viruliferous insects a number of 
days before the incubation is completed.* 


Control experiments.—The control insects. amount- 


ing to 100 for each of the first six passages, came 
from the same stock as the injected ones and all proved 
virus-free. During winter months. when the last four 
passages were made, and outside contamination was 


unlikely to occur. the number of control insects was 


reduced to 20 for each passage. This was considered 
as a sufhcient number because the stock of leafhoppers 
plants. and the possl- 


stor k 


insectary was therefore practically eliminated. 


lived and bred entirely on rye 
bility of contamination of the culture in the 
In the 
seventh, eighth. and ninth passages insects were trans 


ferred to aster plants three times weekly by means 


of “leaf cages” (22 Individual hoppers were con- 
fined to single cages that were fastened to leaves. 
From five to ten control plants were inoculated at each 
transfer and all remained healthy. 

To confirm the immunity of rye from aster-vellow: 
established long ago by Kunkel in early experiments 


with the disease (12 50 viruliferous females were 


caged on rye and kept on until some nymphs of 
the next generation reached tl third instar stage 
The 100 largest nymphs were caged individually on 
asters at 25° C. for 4 weeks. None of them transmitted 


aster vellows. 


if ; 


In a preliminary test it was found that at 25° ¢ 


Insects acquired aster- 


approximately 47 


vellows virus in a one-day infection feeding. It seemed 


rately the length of time 


desirable to define more accu 
during which insects could be kept. without acquiring 


ts in which the incuba 


the virus. on inoculated test pl 


tion period was not completed. Forty aster plants were 


inoculated by means of infective insects. five feeding 


on each plant. Together with these infective adult 


were caged on the 


insects. single virus-free nympl 

plants. After 24 hr. the infec idults and the test 
nymphs were removed. the adults discarded, and the 
nymphs caged on rve Forty virus-free female leaf 


1 then 


hoppers were caged on the plants tor 24 hr.. 


removed to rye and replaced by another group of 40 


repeated until. on the 


virus-free females. 
Oth day, the first plant in the group showed symptoms 
of disease. The 40 which 
each day and kept at 25° C. on rye for 2] 
week. Of 312 


7th day. that is 


insects were removed on 


ollowing 


asters tor one 


days. were then tested on 
survivors. one pir ked up virus on the 
2 davs before the first disease symptoms were observed 
On the 8th day an 
virus. Of the 40 


idditional nine insects acquired 


aster-vellows inoculated plants all 


but three eventually became diseased. Ninety contro! 
insects. tested on asters. proved virus-free. The test 
showed that at 25° C. under the conditions of the ex- 

2 Transfer from such insects can be described as “blind.” 
This term is used in experimental transmission of animal 
viruses for the method whereby transfer to a healthy animal 


is made from an inoculated one at a time when no signs 


of infection can be noted. 


Vol. 42 


periment none of the tested insects were able to 
acquire the virus during the first 6 days of the incuba- 
tion period of the virus in the plant. Therefore it was 
also concluded that the 2-day test feeding after each 
of the first six passages, as well as the transfers on 
asters in the later passages which were made every 
2 to 5 days. could not have accounted for any increase 
of the virus in the tested insects. 

Vortality 
of injected insects during the second and subsequent 


of injected insects.—The high mortality 
transfers presented a serious problem to the continua- 
It actually may 
with 


tion of the serial passage experiment. 
have accounted for Black’s 
similar experiments in 1939-1942." It was known from 
earlier tests by Black that the mortality could be de- 
creased by filtration, but filtration reduced the 
amount of virus in the inoculum.t Aster-yellows virus 
is presumably filtered with 
dificulty. A preliminary test was made to find whether 
or not the mortality was due to an increase in patho 
This hy- 


failure to succeed 


also 


large and can be only 


genicity of the virus towards the vector. 


pothesis could not be excluded in view of the fact 
that the serial passage eliminated the alternating plant 
host life cycle of the virus. Ordi- 


narily. when the virus alternates between plant and 


entirely from the 
vector. no deleterious effect on the vector can 
difheult to deteet 
differences in 


insect 
be observed. although it would be 
disturbances or even small 
that died. 


increased 


any small 
the percentage (An alternative hypothesis 


could explain the mortality as due to bac- 


terial and contamination in injected inseets. 
Undoubtedly 
and the mechanical injury even without infection may 
deaths 


\n attempt was made to compare the 


fungus 
many injected insects die of septicemia. 
be responsible for some 
mortality rate 
of insects injected with virus-containing and virus-free 
juices, Fifty 
1:100 dilution of 
and another group of 50 


insect virus-free females were injected 


with a juices from infective leaf 


hoppers. virus-free females 
of the 1:100 


juices from virus-free hoppers. Both groups of injected 


same age injected with a dilution of 
insects were transferred five times during 30 days to 
fresh rye plants and kept continuously at 25° C. 
The death rate in the 
On the 3lst 


survivors. respectively. of the virulif- 


under 
identical controlled conditions. 
two groups was almost exactly the same. 
day the 10 and i2 
erous and virus-free leafhoppers were macerated and 
diluted 1:100, and two groups of 50 virus-free females 
were injected with the dilutions. The injections were 
arried out with a single needle. the virus-free dilu 
Utmost care was exercised 
The 1/8000 ec. of 


same way as in the 


tion being injected first. 


to prevent excessive wounding. 


inoculum was measured in the 
serial passages. A pronounced decrease in the survival 
of the 
first 3 


compared to 50/42 in the virus-free group). 


virus-carrying insects was observed during the 


days following injection (from 50 to 24. as 


and after 
9 days the number decreased to 13. as compared to 
32 in the second group. But on the 23rd day the 
3 Personal communication. 


* Personal communication. 
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number of survivors in both groups reached the same 
level (12 and 13, respectively). Noninjected insects 
decreased very slightly in number, due to death, and 
of 50 control insects in the two tests survivors num- 
bered 40 and 37, respectively. by the 20th day of the 
experiments. 

Dilution end-point.—Ilt seemed desirable to find the 
dilution end-point of aster-yellows virus from insect 
juice in view of the fact that evidence for multiplica- 
tion was derived from the calculated “dilution” in the 
serial passage. From earlier experiments by Black 
(4) it was known that a dilution of 10°. but not 
10-4, will render injected insects infective. 

Several tests were made and a more detailed ac- 
count will be given elsewhere in a study of virus con- 
centration as related to the length of incubation peri- 
ods in inoculated insects. Only one of the experiments 
will be briefly mentioned. Groups of 30. 45, 50, and 
40 insects, respectively, were injected with dilutions of 
10°', 10-7. 10°, and 10° of juices from virus-contain- 
ing leafhoppers. The injected insects were transferred 
on every day to individual fresh aster plants in colonies 
of not more than three. for 48 days. and afterwards 
three times weekly until the 64th day. when the last 
insect died. Transmission was obtained in the groups 
injected with 10°'. 10°. and 10° dilutions. No trans- 
mission occurred with a 10% dilution. In two other 
tests negative results with 10°¢ dilutions and transmis- 
sion with 10° also confirmed Black's finding. 

The positive infectivity test in the first transfer of 
the serial passage experiment occurred within 32 days. 
as shown by the eight insects that were rendered in- 
fective (Table 1). It seems very likely that the dilu- 
tion of the inoculum used. 10>. was near the dilution 
end-point. It is still possible. however. that occasional- 
lv an insect would become infective following an in 
jection of a somewhat higher dilution. 

Discussion.—Earlier evidence indicated that several! 
viruses multiply in beth plants and insects. Experi- 
mental evidence was presented for the multiplication 
of rice stunt (10. 11). aster-yellows (4, 13. 14. 15. 19). 
‘lub-leaf (5.6). and wound-tumor virus (7. 18). These 
viruses have three characteristic features in common: 
the high specificity of vectors. the retention of the 
virus, and the incubation period. These features had 
led long ago to the assumption that such plant viruses 
might possibly multiply in their vectors. The opposite 
view was expressed in the past 15 years by a few 
workers (1, 2. 9. 26. 28. 30). 

The aster-vellows virus was carried in 10 serial pas 
sages in the aster leafhopper. If the virus had been 
diluted without multiplication. the final dilution used to 
inoculate the tenth group of the series would have been 
10-4". This. of course. is inconceivable for a number of 
reasons. The virus of aster-vellows derived from virulif- 
‘rous insects was shown to have a dilution end-point 
below 10-4. No virus is known to have a dilution end- 
point? above 107°. In a recent paper Black pointed 


*The highest dilution end-points of 10-1, of viruses 
derived from tissues, without concentration, were found for 
Russian Far East Encephalitis, Venezuelan Equine En- 


out that a mass of hydrogen weighing the same as a 
female leafhopper (1.7 mgm.) contains only about 5.1 

102° molecules (6). Therefore, the serial passage 
provided adequate direct evidence for multiplication 
if the aster-yellows virus in the aster leafhopper. Fur- 
ther evidence was provided when the concentrations of 
virus in the first and ninth transfers were compared 
and it was found that no decrease occurred in the virus 
concentration during the nine passages. 

It should be pointed out that leafhoppers are suck- 
ing insects and do not take up living plant cells. Since 
viruses multiply only inside of living cells, the mul- 
tiplication must have occurred in cells of the insect. 

\ few of the implications of plant virus multiplica- 
tion in insects have recently been pointed out by Black 
(6). The virus of aster-yellows can no longer be con- 
sidered as solely a plant virus. It is really both a plant 
and an animal virus and may therefore serve as a con- 
necting link between the two groups. This will have 
to be considered in any future classification of viruses, 
heretofore separated into animal, plant, and bacterial 
groups. It allows also some speculation as to the ori- 
gin of the yellows group of plant viruses. They could 
have originated as insect or animal viruses. Some of 
them have the capacity of passing through the egg of 
the vector to the progeny and are thus maintained in- 
definitely in insects without the necessity of alternating 
plant hosts (6. 11). An adaptation permitting them to 
multiply in plants may possibly have come about as a 
further step in evolution, and the passage through the 
egg may then have been gradually lost. 

The ability of some viruses to multiply in such di- 
versified hosts as plants and animals suggests strongly 


that they are living organisms. The early hypothesis 
of a precursor responsible for virus multiplication, 
which even in recent years received some support, can 
hardly account for aster-yellows multiplication. It 
seems unlikely that a large molecule-precursor would 
occur in two hosts that are so unrelated. 

The high specificity of yellows viruses in relation to 
their insect vectors can easily be explained on the basis 
of multiplication. The specificity also supports the 
hypothesis of the origin of these viruses in insects. The 
aster yellows virus is certainly better adapted to its 
vector. in which it causes no visible harm, than to plant 
hosts in which it invariably causes disease symptoms 
and sometimes death. 

The possible harmful influence of the virus on the 
vector after it was passed from insect to insect has 
heen pointed out. Although preliminary results had 
first suggested such deleterious effect. closer analysis 
does not permit such a conclusion at present. 

The “blind” passage of virus was most likely due 
to a very long incubation period in some injected in- 
sects. On the other hand, it is possible that some in- 
ephalitis, Western Equine Encephalitis, and Eastern 
Equine Encephalitis (Olitsky, Peter K., personal communi- 
ation), also for St. Louis Encephalitis (16) and yellow 
fever (17). Tobacco-mosaic virus in tobacco plant juices 
has a dilution endpoint of 10-7 (Kunkel, L. O., personal 
communication). 
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passages each group of injected hoppers was kept for 
30 days, following injection, on rye plants immune 
from aster yellows. then tested 48 hr. on aster plants 
and used for the next transfer. In the later passages 
insects were tested on asters and transferred three 
times weekly to a fresh set of plants for periods up to 
60 days. Direct evidence was provided for the mul- 


jected insects harbored virus but never became infec- 
tive because the virus did not reach the saliva. It is 
hoped that further investigations will elucidate this 
possibility. 

The finding that the 
edly in the vector, in relation to the dose, may indicate 


ncubation period varied mark 


an essential difference between the mechanism of in- 


tiplication of the virus in the insect vector, as some 
insects of all but the third and fifth groups were found 
infective. The estimated dilution used to inoculate 
the tenth group of the series, if no multiplication had 


fection of plants and animals. Wounding may be a 
necessary condition for the infection of plants but not 
of animals. 


The basic study of yellows y ises promises to be of 


importance to animal workers as well as plant workers. occurred, would have been 104°, but the dilution end- 
point of the virus from macerated insects was found 
SUMMARY to be below 10°*. A comparison of virus concentration 


in the inoculum of the first and ninth passages showed 
Phe virus of aster yellows was carried in the vector no decrease in concentration. It is concluded that the 
Macrosteles divisus through 10 serial passages. The — aster-yellows virus, multiplying in both its plant and 


insect was made by means of  jnsect hosts. can be considered an animal as well as a 


transter from insect t 
injections, of measured volumes of 1/8000 cc. per in- ple 
sect, into the abdominal cavity. The insect pulp was 
diluted with neutral buffered saline to 10° of the 


weight of the surviving leafhoppers. In the first six 
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GLADIOLUS 


G. H. 

During the summers of 1948 and 1949 a destructive 
disease occurred in several garden plantings of bean 
(Phaseolus vulgaris L.) in the vicinity of Madison, 
Wisconsin. and killing 


were noted on many varieties. The symptoms suggested 


Severe top necrosis, stunting, 


a severe type of yellow bean mosaic (bean virus 2). 


but no traces oi sweet clover, the common overwinter- 
region, could be found. 


(14) 


near-by gladiolus plant- 


ing host of this virus in this 
Since gladiolus was found by McWhorter et al. 
9 


to be a carrier of bean virus 2. 
ings, and those of local commercial growers, were ex- 
amined for possible sources of viruses infectious to 
bean. 

\ large number of mechanical inoculations were made 
to bean from gladiolus, and the yellow bean mosaic virus 
was recovered in many instances. In addition, extreme 


necrosis too severe to be typical of the yellow bean 


mosaic was noted in many cases, although MeWhorter 
did report severe necrosis of bean incited by a strain 


of the yellow mosaic virus. Because bean may be in- 
fected by other viruses. e.g. tobacco virus 1 (16, 18). 
tobacco ringspot virus (11. 17). and a strain of cu- 


(23). inoculations from 


gladiolus were made to healthy tobacco. \. 


cumber virus | mechanical 
tabacum L.. 
which is not susceptible to bean virus 2. These inocu- 
lations 1 few typical ringspotlike local lesions 
that 


It soon became apparent 


gave 
and often a mottle not unlike incited by tobacco 
virus | and cucurnber virus 1. 
that there were two previously unreported viruses pres 
ent in gladiolus, one a strain of cucumber virus | and 
the other a strain of the tobacco ringspot virus. These 
viruses were always recovered from gladiolus plants 
showing typical white break mosaic symptoms as de- 
scribed by Nelson (15) and Deosdall (9). 

This investigation to the 
unknown viruses and thus contribute to the solution 


was undertaken identify 


of the white-break disease problem ot growers. as well 


as to clarify the bean-gladiolus relationship in the 
home garden. A preliminary report has been pub- 
lished (6), and confirmatory evidence has been re- 
ported from Canada by Berkeley (3). 

MrTHODS AND MATERIALS.—The greenhouses used 
were frequently sprayed and fumigated to control 
aphids and other insects. Air temperatures were main- 
tained between 24° and 28° C.. except where otherwise 


stated. 
commercial gladiolus growers in the vicinity of Madi- 


Cultures were obtained from the plantings of 


son, Wisconsin. The final characterization of each type 
of virus found was made on an isolation from a single 
plant, indicated. 
Separations were based on symptoms and host range. 


gladiolus except where otherwise 
A typical strain of cucumber virus | was obtained from 


James Johnson; a green ringspot strain of the tobacco 


1 Accepted for publication September 13, 1951. 


AS A VIRUS RESERVOIR: 


Bridgmon and J. C. Walker 


ringspot virus from R. W. Fulton; and a yellow ring- 
spot strain of the same virus from G. S. Pound. Stock 
cultures and those isolated from the field were main- 
tained on NV. and \. glutinosa L. or on the 
F, hybrid of the two species. Isolations of bean virus 
2 were maintained on Idaho Refugee. a variety highly 


tabacum L. 


resistant to bean viruses 1 and 4. 

sprinkled with fine 
carborundum and inoculated, 
then thoroughly rinsed with distilled water. Except as 
indicated. a 


Young greenhouse plants were 
powder mechanically 
minimum of 10 plants was used for de- 
and 10 plants 
from the same source were used as controls. Wher- 
ever symptoms did not occur on the inoculated hosts, 
the presence or absence of the virus was determined 
by subinoculations to healthy indicator plants. 

FROM GLADIOLUS. 


termining symptoms and host range 


at- 
diseased 


Isolations 
healthy 
gladiolus plants. Two types of symptoms on gladiolus 


ISOLATIONS were 


tempted from both apparently and 
1) a faint mottle, and 2) the type 
with white break 
(9.15). The symptoms were confined to varieties with 


foliage were noted: 


previously described in connection 
colored petals. except for one plant in a white variety 


which had foliage typical of white break and a single 
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Fig. 1. White break of gladiolus. A, foliage symptoms. 
B, malformation of blossems. 
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blossom suggestive of the disease. White break was 
characterized by gray or yellowish-green streaks and 
spots on the foliage, entire leaves usually being affected 
(Fig. 1, A). Flower symptoms, not nearly so uniform 
as those on the leaves, consisted of broken areas on the 
petals, which were lic] ter than normal in color ind 
contained spots or streaks surrounded by oray or gray- 
green borders. Florets were often reduced in size o1 
twisted and so malformed that they did not open com 
pletely (Fig. 1, B). Plants affected with white break 
blossomed later than normal. The percentage of affec- 
ted blossoms increased as the season progressed. as 
high as 50 per cent of the plants being affected. Break 
was noted in many varieties and the incidence was 
particularly high in Valeria, Picardy. Ethel Cave Col 
and Burma. 

Isolations from plants having no foliage or floral 
symptoms were usually unsuccessful. but bean virus 
2 was recovered from one such plant. Two isolations 


from plants with badly broken blossoms were negative. 


. 


In two attempts in which only the youngest leaves had 
symptoms, a virus could not be isolated. [solations 
from some of the floral parts were negative regardless 
of extreme symptoms of break. All attempts to isolate 


| 


the viruses from dormant corms. produced by plants 


' 


having symptoms of white break the previous veal! 
were wisuccessful. However. isolations were frequently 
successful from the first leaves arising from the rms 
even from those of unplanted corms 

ISOLATION OF BEAN ViRUS 2.—The usual procedure 
in isolating from diseased gladiolus plants was to in 
oculate plants of Idaho Refuge bean and tobace 
This bean respends to infection by bean virus 2 by 
developing mottle. It is not infected by most strains 
of cucumber virus 1 but responds to one strain in the 
form of mottle and necrosis (23 Its response to 
tobacco ringspot virus is necrosis of young leaves and 
stems. When infection of ecurred. the virus was 
inoculated to tobacco. white sweet clover. black cow 


pea, and additional bean varieties to Getermine with 


1 
) 


certainty whether or not bean virus 2 was concerned. 


Bean virus 2 was isolated in nine of 30 isolations 
attempted. In most of these the isolates produce 


corres] onde ad 


symptoms on Idaho Refugee bean which 
with those of the typical stra 
curred on inoculated plants. To 


In three cases how 


ever, pod distortion 0 
investigate further the possibility of the pod-distorting 
strain overwintering in gladiolus. mechanical inocula 
tions were made to varieties which serve to distinguish 
between this strain and the typical strain. Inoculations 
to Great Northern U. I. 15 and Michelite bean varieties 
produced top necrosis in many trials. Great Northern 
U. I. 59 and Great Northern U. [. 123 varieties re- 
mained healthy in most of the same trials. In two 
trials no symptoms appeared on white sweet clover. a 
reaction characteristic of the pod-distorting strain. 
Although Grogan and Walker (10) failed to recover 
the pod-distorting virus from inoculated sweet clover. 
it was recovered in this investigation in one of the two 
experiments. In view of these results it is evident that 


gladiolus is a carrier and one of the overwintering 
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hosts of both strains. While the one case of recovery 
of the pod-distorting strain from sweet clover is in- 
conclusive, it does indicate that the latter may serve 
as a masked overwintering carrier. 

CHARACTERIZATION OF THE TOBACCO RINGSPOT VIRUS 
FROM GLADIOLUS.—Symptoms and host range.—The 
gladiolus isolate and the green strain of tobacco ring- 
spot virus were inoculated to 22 species of plants from 
eight families. The host ranges of the two viruses were 
identical. The species. in addition to bean, on which 
symptoms were induced were spinach, cucumber, musk- 
melon. watermelon, Hubbard squash,  crookneck 
squash, pumpkin, zinnia, corn, pea, soybean, tobacco. 
Vicotiana glutinosa L., and jimsonweed. The symp- 
tom syndrome usually included local lesions, top ne- 
crosis, sometimes death, and sometimes recovery, with 
few or no symptoms in new growth. Soybeans were 
affected with bud blight similar to that described by 
Allington (2). Symptoms on Hubbard squash con- 
sisted only of chlorotic spots on cotyledons, and the 
virus was not recovered. Chlorotic spots on inoculated 
leaves were the only symptom on \. glutinosa, but 
loth viruses were recovered. No symptoms were in- 
duced on gladiolus but each strain was recovered. Cab- 
hage, sweet clover. red clover, crimson clover, and 
tomato showed no symptoms and the viruses were not 
iecovered. The symotoms on hosts other than’ bean 
are given in detail elsewhere (5). 

Symptoms induced hy both strains differed somewhat 
on the bean varieties tested. In Idaho Refugee both 
strains induced local lesions on inoculated leaves. red- 
dening of the pulvinus. systemic necrosis, stunting, 
unilateral development of trifoliate leaves. mottle. 
chlorotic rings. top necrosis. and occasiona!!v rapid 
death (Fig. 2. A). In Great Northern U. I. 59 symp- 
toms included necrotic lesions. top necrosis, reddening 
of veins, necrosis of petioles, and occasional mottle 
ind unilateral development. Bountiful had many local 
lesions on inoculated leaves. collapse of primary leaves, 
and rapid killing of plants. On U.S. No. 5 Refugee, 
an occasional local lesion on inoculated leaves be- 
came elongated when associated with a vein: sys- 
temic symptoms were chlorotic and necrotic leaf spots, 
and stem and petiole necrosis: death of plants was 
sparse and developed slowly. Stringless Green Refugee 
had mild symptoms similar to those of U.S. No. 5 
Refugee. but more plants were killed slowly. 

Corn is a newly recerded host for this virus. Symp- 
toms at 24° to 28° C. consisted of tip necrosis and 
streaking of the youngest leaf. The yellow strain in- 
duced similar but more severe symptoms. In plants 
inoculated and held at 20 symptoms were mild 
mottle and long. narrow. transparent streaks. Necrosis 
occurred only on inoculated leaves at this temperature. 
The viruses were recovered readily. Symptoms on bean 
and corn are illustrated in figure 2. 

Properties.—Properties of the gladiolus strain of 
ringspot virus were studied ir comparison with the 
creen strain of tobacco ringspot virus. Expressed juice 
from plants of N. tabacum L. recently infected with 
the virus concerned was treated and then used to in- 
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oculate the assay host. Ten black cowpea plants were 
used as a test unit for the local-lesion assay. The 
averages of three assays for each property are in 
table 1. Confirmatory evidence was secured in the 
thermal-inactivation and tolerance-to-dilution tests by 
systemic-infection assays with tobacco and Idaho Refu- 
gee bean. The thermal inactivation point was usually 
between 65° and 70°. This agrees fairly closely with 
the results of Pound (17) with a yellow strain and 
with those of Henderson and Wingard (11) with sev- 
eral isolates of the virus. When the infecticus juice 
was diluted with distilled wate: and the plants were 
inoculated immediately. infection was not obtained at 
a dilution of 10~4 and above. while only a few lesions 
were obtained at 10~-°. Pound (17) gave 10~° and 
Henderson and Wingard (11) gave 10~4 as the dilu- 
tion end-point. When the expressed infectious juice 
was stored in stoppered test tubes at 20° C., the virus 
was inactivated at 6 days in one experiment, at 7 days 
in another. and a few lesions were secured at 9 days 
in the third. Pound (17) reported that the yellow 
ringspot strain with which he worked was inactivated 
in 5 days. The inactivation points of the green strain 
were as follows: thermal inactivation. 70° C.: dilution. 
10~-*: longevity. 7 days in one test and slight activity 
(0.8 lesion per leaf) at 8 days in another test. 

Cross protection tests.—Tobacco plants were inocu- 
lated with a given virus strain—the eladiolus, the vel- 
low. or ihe green strain of tobacco mosaic virus. When 
signs of recovery appeared. systemically infected 
leaves were selected for inoculation with another of! 
the respective viruses. Lack of local lesions on inocu 
lated leaves was taken as in indication of cross pro- 
tection. Although the yellow end green strains pro 
tected completely against the gladiolus strain. the 
latter in one case did not protect against the vellow 
strain. This type of one-way protection was also ob- 
served by Price (20). 

Insect transmission-—The green peach aphid, Myzus 
persicae Sulz.. was studied as a possible vector of the 
ringspot strain isolated from gladiolus. Nonviruliferous 
aphids were raised on healthy tobacco plants and then 
transferred to an infected tobacco plant. After the 
aphids had fed for a week. a leaf with 30 to 60 aphids 
was transferred to a cardboard strip and the strip. but 
not the infected leaf. was brought into contact with a 
healthy tobacco plant. As the leaf wilted. the aphids 
detached themselves and migrated to the healthy plant. 
The aphids were kiiled by fumigation after feeding 
for not less than one week. In three trials no visible 
transmission to tobacco plants was obtained. nor was 
any ringspot virus recovered to either tobacco or cow- 
pea. Good recovery was made from the original virus 


for the insects. 


source 

CHARACTERIZATION OF THE GLADIOLUS STRAIN OF 
CUCUMBER ViRUS.-Symptoms and host range.—Cab- 
bage. pea. bean. white sweet clover. red clover. crim- 
son clover. and soybean produced no symptoms when 
inoculated with the gladiolus strain of cucumber virus. 
and the virus could not be recovered from inoculated 
plants. Symptoms on many of the susceptible hosts 


Taste 1—Thermal-inactivation, tolerance-to-dilution, and 
longevity-in-vitro tests with the gladiolus strain of to- 
bacco ringspot virus; cowpea as the assay host 


Therma! Tolerance Longevity 
inactivation to dilution in vitro 
Temp. Lesions Lesions Lesions 

ie per leaf" Dilution — per leaf* Days per leaf* 
Untr. 236.7 0 123.9 0 115.1 
50 271.7 10-1 75.0 ] 134.2 
55 171.3 10-2 12.3 2 67.5 
60 94,2 10-: 0.4 K 37.6 
65 0.7 10-4 0.0 | 37.6 
70 0.0 10-* 0.0 5 12.1 
75 0.0 19-6 0.0 6 6.1 
80 0.0 7 8.0 
8 1.0 


Each value is the weighted average of results from three 
eriments, 


ex] 


were identical when inoculated with either the gladi 
olus or the typical strain of cucumber virus. Slight 
differences in symptoms were found in some cases and 
occasionally one virus was recovered after inoculation 
ind the other was nor. Detailed descriptions of symp- 
toms on various hosts are published elsewhere (5). 
To make an additional comparison, the spinach 
varieties Nobel and Virginia Savoy were inoculated and 
kept at 20° and 28° C. Virginia Savoy had been found 
in this laboratory by Cheo (8} to be highly resistant 


Nobel be- 


tt 20° and to show little resistance at 28 
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Kic. 2. Symptoms incited on bean and corn by the 
tobacco ringspot virus. A, stem enlargement and leaf drop 


following top necrosis on Idaho Refugee bean. B. chlorosis 
on Golden Cross Bantam corn. 


it? aren ea 

















68 PHYTOPATHOLOGY [Vol. 42 


TasBLeE 2.—Thermal-inactivation, tolerance-to-dilution, and 


longevity-in-vitro tests with the gladiolus strain of cu- 
cumber virus | with cowpea as the assay host 
Thermal Tolerance Longevity 
inactivation to dilution in vitro 
emp. Lesions f ons | esions 
et per leaf Dilution per leaf Davs_ per leaf 
Untr. sae | 0 93.8 0 76.0 
50 a 10 76.0 2 1.9 
55 2.0 10 3.4 ) 1.6 
60 0.7 LO ] | 0.6 
65 0.3 lQ-—4 ed ) 0.5 
70 0.03 10 0.6 a) 0.03 
75 0.03 io" 0.1 7 0.0 
80 0.0 10 0.0 
* Each value is the weighted average of results trom three 


experiments. 


came hadly diseased at both temperatures: the resist- 
ant variety Virginia Savoy had no virus symptoms at 
20° but was severely affected at 28°. 

Members of the Cucurbitaceae and Solanaceae. 
when inoculated with the cucumber strain from gladi 
olus, usually produced symptoms typical of cucumbe1 
virus 1. In general the legumes were not affected. This 
is also essentially true for the typical strain of cucum 
ber virus 1. Both isclates gave small. reddish, local 
lesions on cowpea, typical of those described by Whip 
ple and Walker (23) 

Symptoms on hybrid sweet corn of the Golden Cross 
Bantam variety were small dots or spots on new leaves. 
streaking. and necrosis of the growing leaf tip, often 
resulting in death of the plant. In some trials much 
more necrosis was noted than in others. To investigate 
this further, mechanical inoculations were made _ to 
sweet corn and the plants were kept at 20° and 28° ¢ 
Both the typical cucumber virus 1 and the strain iso 
lated from gladiolus gave chlorotic streaks. necrosis. 
and complete killing at the high temperatures. At 28 
the strain that was isolated from gladiolus was more 
severe than the typical strain: at 20° there was a mild 
streaking with a great deal of chlorsis. and only an 
occasional plant died. but symptoms were much more 
severe than those induced by the typical strain. 

Properties—The properties of the gladiolus strain 
of cucumber virus were studied to determine how 
closely they conformed to those of the typical strain of 
cucumber virus 1. The methods were essentially the 
same as those employed in making the property tests 
for the ringspot strains, except that the black cowpea 
plants were covered for 24 hr. in advance of the inocu- 
lations according to the method developed by Sill 
(21). With at least one trial in each test, the typicai 
strain of cucumber virus 1 was utilized for comparison 
with the gladiolus isolation. Ten cowpea plants were 
used as a test unit for local-lesion assay. The results 
are in table 2. 

The thermal inactivation point of the gladiolus strain 
of cucumber virus was between 60° and 80° C.. when 
exposed for 10 min. The virus was active above 70° C 
in only one trial. There is a wide range in the therma! 


inactivation end points reported by other investigators. 
For instance, Ainsworth (1) reported 60° and Holmes 
(12) 70° to 80°. In two dilution experiments no in- 
fection was secured at 10~©: in the third. none at 
10-*. When the expressed infectious juice was stored 
in stoppered test tubes at 20° C. the virus was inacti- 
vated at 6 days in two experiments and at 7 days in 
the third. This time is in agreement with that reported 
for cucumber virus 1 by Whipple and Walker (23) 
but is slightly longer than that given by Ainsworth (1) 
and by Holmes (12). In the present investigation the 
inactivation points for the typical strain of cucumber 
virus | were: thermal inactivation, 70°; tolerance to 
dilution, 10~°; longevity in vitro, 6 days. 

Cross protection tests.—The gladiolus strain of cu- 
cumber virus produced a_ typical cucumber-mosaic 
mottle on zinnia. This allowed the — infected 
zinnia to be tested for protection against Price’s 
strain 6 of cucumber virus 1 (19). Four tests were 
run by inoculating zinnia plants with the gladiolus 
isolate used in other property tests. After 2 to 3 weeks, 
when the plants had developed a systemic mottle, 
the indicator strain was inoculated to four to. six 
mottled leaves of each zinnia plant. In each trial, a 
minimum of 10 treated plants was used; 10 plants 
left as controls were inoculated with the indicator 
strain at the same time as the last inoculations were 
made on the mottled plants: and a number of plants 
were noninoculated. Excellent protection was evident 
in each trial. Trial 1 developed an average of 13.8 
local lesions per control leaf but none on the previ- 
ously infected leaves. In trials 2, 3. and 4 no lesions 
developed on the leaves of previously inoculated plants. 
whereas the controls had 15.3, 14.8. and 24.0 lesions 
per leaf. respectively. Noninoculated plants remained 
healthy in all cases. 

Only partial protection was found when a second 
isolate from gladiolus was used. This isolate allowed 
the indicator strain to incite yellow. chlorotic areas 
on zinnia in twe trials. Cross proiection tests were 
then set up using the strain of cucumber mosaic virus 
reported by Whipple and Walker (23) as pathogenic 
on bean and pea. The second isolate from gladiolus 
was first inoculated into ten young plants of NV. 
tabacum L. and the plants were allowed to develop 
systemic symptoms. Fourteen days later the strain 
pathogenic to pea and bean was inoculated into the 
leaves containing the systemic symptoms. After 28 
days recovery was attempted from the new leaves of 
the plant to Idaho Refugee bean plants: 68 bean 
plants showed no symptoms. One plant was question- 
able. but no symptoms were obtained when recovery 
was attempted by incculation from this plant to to- 
bacco, One later trial on zinnia with the same isolate 
gave much better cross protection with an average of 
only four indistinct lesions (less than one per leaf) 
on four plants, whereas the control plants averaged 
24 lesions per leaf. 

Insect transmission.—The green peach aphid, Myzus 
persicae Sulz., was studied as a possible vector of the 
cucumber strain isolated from gladiolus. One trial 
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contained only tobacco plants but two other trials 
included three plants each of tomato and tobacco. The 
transfer was successful to all plants but one tobacco 
plant. The virus was recovered from tobacco and trans- 
mitted mechanically te both cowpea and \. 
L. or to the F, hybrid between the latter and 1. 
tabacum L. 

ATTEMPT TO REPRODUCE WHITE BREAK.—A close re- 
lationship was found between white break symptoms 


glutinosa 


on gladiolus and the presence of one or more of the 
viruses characterized in this work. In an attempt to 
break, various combinations of 
inoculated to young gladiolus 


plants when the leaves were 4 to 8 in. long. A mini- 


re produce the flower 
the viruses were 
mum of nine healthy gladiolus plants was used in each 
treatment and 15 plants were left as healthy controls. 
An occasional plant in the various treatments and in 
the control had symptoms of white break on foliage 
and on the blossoms. The percentage of inoculated 
plants showing white break was not greater than that 
in the noninoculated group. Brierley and Doolittle (7) 
reported that cucumber mosaic strains experimentally 
introduced into tulips produced no recognizable symp- 
toms in the current season but induced flower break in 
the following year. They also reported this to be true 
of many of the tulip viruses. In view of these facts 
the corms from the gladiolus plants in this investiga- 
tion were kept and grown the following season. but 
the results were again inconclusive. 
Discussion.—Smith and Brierley (22) reported the 
occurrence of cucumber virus 1 in the genus Sparazis 
of the Iridaceae. This study and that of Berkeley (3) 
that Gladiolus is another family 
found carrving the virus. In various tests, the strain 


show genus in the 
recovered from gladiolus in Wisconsin resembled the 
typical strain and was noninfectious on bean. 

gladiolus was 


The strain of tobacco ringspot from | 
host 


host 
range. cross protection tests, and properties. The bud 


also characterized by means of symptoms. 
blight of soybean was typical of that described by 
Allington (2). The symptoms on bean were not unlike 
those described by various authors for tobacco ring- 
spot (11, 13. 16). Blodgett and Schultz (4) described 
a disease of bean in Idaho with symptoms very simila: 
to those obtained in this investigation when mechanical 
inoculations were made from gladiolus. The symptoms 
they described may well have been the result of in- 
fection by the tobacco ringspot virus. alone or in com- 
bination with a strain or strains of yellow bean mosaic. 
With the knowledge that gladiolus is a natural reser- 
voir of tobacco ringspot virus. it would not be = sur- 
prising to find it more often on beans in the field than 
Transmission of the gladiolus 


isolate to sweet corn is believed to be the first report 


was formerly supposed. 


of this virus occurring naturally in one monocotyledon- 
Other 
strains of tobacco ringspot virus, inoculated to sweet 


ous plant and capable of infecting another. 
corn, were infectious i all cases. and the yellow strain 
used incited a very severe disease with symptoms sug- 
gestive of those of some other streak and stripe dis- 
described on this host. 


eases 


Inspection of corn or 
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sweet corn fields may yield cases of natural infection 
by the tobacco ringspot virus. 

During the first season neither the gladiolus isolate 
of the ringspot virus nor the gladiolus isolate of cu- 
cumber virus 1 gave symptoms on gladiolus when re- 
inoculated to healthy plants. Possibly one or the other 
of these viruses contributes to the effect of white break 
in gladiolus. or another undetermined entity may be 
involved. Additional work on the relation of these 
viruses to white break would seem to be justified by 
the high correlation between their presence and the 
white break symptoms of gladiolus. 


SUMMARY 


Two viruses previously unreported in gladiolus have 
been isolated and identified: one as a strain of cu- 
cumber virus | on the basis of host range, symptoms, 
properties, transmission, and cross protection; the 
other as a strain of tobacco ringspot virus, determined 
in the same manner as that of the gladiolus isolate 
of cucumber virus 1. This report and that of Berkeley 
(3) are the first upor the isolation of cucumber virus 
1 from gladiolus, although one other genus in the 
Iridaceae (Sparaxis) has been previously reported to 
carry the virus. It is believed that this is the first 
report of tobacco ringspot virus occurring naturally 
in a monocotyledonous plant. Corn was found to be 
a host of the gladiolus isolate and of the typical strain 
of cucumber virus 1. It was also a host of the gladiolus 
isolate and of two other isolates of the tobacco ring- 
spot virus. 

A close relationship was found between gladiolus 
plants which contained the two viruses and those hav- 
ing typical white break symptoms. The exact relation 
of these viruses to white break was not determined and 
attempts to disease by inoculating 
them into healthy gladiolus plants were unsuccessful. 

Bean virus 2, the incitant of yellow bean mosaic, 
was also found to occur naturally in gladiolus. Several 
of the isolates appeared to belong to the pod-distorting 


reproduce the 


strain. Gladiolus is thus one of the overwintering hosts 
of the typical and of the pod-distorting strain of this 
virus. 

Iselations of the viruses from dormant corms failed 
although the with 
white break the previous year. Isolations were success- 
ful, however, when made from the first young leaves 
that appeared when the corms germinated. 


plants concerned were infected 
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LYSIS IN RUST UREI 


M. L. 


Lysis among bacteria is a very common phenomenon 
and may take place as a result of antagonistic or bac- 
tericidal action. In fungi. Chudiakov (2) reported lysis 
of different species of Fusarium and other fungi as a 
result of antagonistic action of two soil bacteria. Lysis 
of the promycelia of the germinating spores of Usti- 
lago zeae has been reported by Chilton (1) and Gat- 
tani (4), and in Sphacelotheca sorghi by Laskaris (3 
In both these fungi, however. the tendency of the pro- 


] 


mycelia of the chlamydospores to lyse was restricted to 
certain crosses and was due to a lethal factor or fac 
tors in one of the parental lines. So far as the author 
is aware, no other report is available of lysis among 
the germinating spores of fungi. The present studies 
deal with lysis in the uredospores of some rusts, in- 
duced as a result of the action of a fungicide. A brief 
note was published in 1950 (5) and herein are addi- 
tional observations on the lysis of uredospores of some 
other rusts. 

MATERIAL AND METHODS.—Mature viable _ uredo- 
spores of Puccinia graminis tritici, P. triticina, P. glu- 
marum, P. carthami, Melampsora lini, and Uromyces 
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YOSPORE GERM TUBES! 


Gattani- 


decoratus were used. The fungicide was a dilute sus- 
pension of hydrophobic colloidal sulphur, the stock 
solution of which was prepared as follows. 

One lb. powdered quicklime was slaked with 1% gal. 
water. To the slaking lime 2 lb. sulphur and '% gal. 
water were added and the mixture was boiled for about 
ly hr. One and one-half lb. molasses were then added 
and the whole stirred while still hot until the molasses 
dissolved. Stock dilutions of 10,000. 2.000, 1.000, 200, 
and 100 p.p.m. were prepared and kept in stoppered 
bottles. Experimental dilutions of 100, 20. 10, 2. and 
1 p.p.m. of the fungicide in 25 ml. water agar were 
prepared in sterile Petri plates. Control plates con- 
tained water without fungicide. Mature spores of the 
different rusts were dusted on the surface of the 
hardened agar and spread about with the rounded 
end of a test tube. Plates containing uredospores of 
P. graminis tritici, P. triticina, P. carthami, and Uro- 
myces decoratus were incubated at 18°C., those of P. 
glumarum at 9 to 10° C., and those of Melampsora 
lint at 12° to 14° C. 

EXPERIMENTAL RESULTS.—Uredospores of all the 
rust species germinated normally on water agar with- 
out the fungicide. Almost 90 per cent of the spores 
of the four species incubated at 18° C. germinated 
within 2 hr. and germ tubes were more than 400 4 
long within 18 hr. About 80 per cent of the spores of 
P. glumarum germinated within 2 hr. at 9° C., and 
their germ tubes were more than 300 u« long within 
12 hr. More than 60 per cent of the spores of M. lini 
germinated at 12°-14° C. 

When 1 p.p.m. fungicide was present, uredospores 
of P. triticina, P. carthami, and U. decoratus germi- 
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nated normally and no tysis of the germ tubes was 
noted. Spores of P. graminis tritici produced shorter 
germ tubes than when on the control medium; other- 
wise their germination was normal. P. glumarum was 
sensitive to 1 p.p.m. of the fungicide and lysis was 


evident after the germ tubes were approximately 20 4 


long. Germ tubes of M. lini were longer than 50 4 
before lysis occurred, 
With increase of concentration of fungicide to 2 


p.p.m.. lysis of 70-80 per cent of the germ tubes was 


observed in some species (Fig. 1). Germ tubes of 
P. graminis tritici and P., triticina attained an average 
length of 75 « within 18 hr., after which lysis occurred 
in 70 per cent of the tubes. M. lini produced germ 
tubes 25-40 « long before 80 per cent of them lysed. 
In two species, P. carthami and U. decoratus, germi- 
nation was normal except for short germ tubes in the 
first species. Uredospores of P. glumarum, however. 
did not 
the medium. 

Uredospores of some species germinated on an agar 
with 10 p.p.m. of the fungicide; those of P. glumarum 
Germ tubes of U. dec- 


germinate when 2 p.p.m. fungicide were in 


and Melampsora lini did not. 
oratus reached an average length of 35 before lysis 
was observed. These germ tubes were almost thrice 
as wide as the normal germ tubes in the control plate. 
Those of P. graminis tritici were approximately 10-15 
# long when lysis began, although occasionally it be- 
gan as the germ tubes were forming. Germ tubes in 
this species were almost twice as broad as those in the 
control plates. In P. carthami the germ tubes attained 
an average length of about 20 « before lysis began. 
In M. lini a halo of protoplasm around some of the 
spores seemed to be due to lysis of spore contents 
before any germ tubes were formed. 

Concentrations of 20 and 100 p.p.m. of the fungi- 
cide inhibited uredospore germination in all the rust 
species. To determine whether uredospore viability 
was destroyed, the spores were removed from the me- 
dium. placed in distilled water, and observed for ger- 
mination. 
tritici germinated in distilled water after having been 
No spores 


Ten per cent of uredospores of P. graminis 


on agar with 20 p.p.m. fungicide for 24 hr. 
germinated after 48 hr. on such agar. Stem-rust spores 
that had been on agar with 100 p.p.m. fungicide for 
24 hr. failed to germinate when transferred to distilled 
water. 

Lysis sometimes occurred at the side of a germ tube. 
sometimes at the tips, and sometimes in the first rudi- 
ments of germ tubes. When lysis occurred the germ 
tube stopped growing and the affected part became 
swollen. Protoplasm accumulated and eventually the 
tube burst. Thus lysis was lethal to the fungus. Spores 
with lytic germ tubes were transferred to distilled 
water, but they failed to produce other healthy and 
normal germ tubes. 

Discussion.—Lysis of the germinating uredospores 
of the six rusts studied may occur as a result of the 
action of a fungicide. Rust species differ in their 
sensitivity to the fungicide, P. glumarum and M. lini 
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Fic. 1. Lysis in germ tubes of rust spores. A. Puccinia 
graminis tritici (300). B. Puccinia triticina (300). 
C. Uromyces decoratus (530). D. Melampsora lini 
(300). 
being more sensitive to its action than P. graminis 
tritici, P. triticina, P. carthami, and U. decoratus. 
Spore germination may begin in low concentrations of 


the fungicide, but lysis eventually destroys the fungus. 
Spores with lytic germ tubes when transferred to dis- 
tilled failed to and did not produce 
other germ tubes. 


water recover 
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CHEMOTHERAPELTIC INVESTIGATIONS ON THE COMMON BACTERIAL BLIGHT OF BEANS? 


\. E. Dimond. E. M. Stoddard, and R. A. Chapman 


in several Ways In 


Chemotherapeutants may 
alleviating disease (10. 11). They may affect the 
pathogen directly. The nitrosopyrazoles (13). 8-quino 
linol and its derivatives (19). CuSO, (17). and sulfur 
(18) are all compounds with direct fungitoxicity 
which have proven to have chemotherapeutic value. 
They may affect the pathogen indirectly by inactivating 
the toxins it produces, an approach which has been 
studied by Howard and his co-workers (7. 8. 12). Alter- 
natively, the compound may act. not on the pathogen 
but on the host. increasing its resistance to disease 
by alteration of protoplasmic factors or nutritional 
balance. The host may also alter the compound to a 
configuration more toxic to the pathogen. 

In view of the many ways in which a chemothera 
peutant might act. it seemed advisable to develop first 
which the over-all 


a broad method of assessment it 
effect of a compound on the severity of a disease could 
be assessed quantitatively. By whatever means a com- 
pound acts, its activity can be detected if it be applied 
to inoculated test plants and distributed in them. Dif- 
ferences between the response of a plant treated with 
the effective compound and that of the control will 
thus indicate chemotherapeutic activity. even if little 
can be said about the means by which the compound 
produces its effect. The development of such a method 
was the first objective of this study 

Given the method. the second objective was to assess 
the activity of several compounds in order to determine 
what possibilities exist at this time for control of bean 
blight caused by Xanthomonas phaseoli. and. if pos 
sible, to obtain clues as to which kinds of compounds 
are most promising for further study. 

MATERIALS AND METHODS.—Alter a preliminary sur- 
vey Red Kidney beans. highly and uniformly suscep- 
tible to blight. were used throughout the work. Plants 
were grown in sand in 4-in. pots. from three to five 
plants to a pot. Because previous experiments (15) 
had shown that symptoms are more pronounced when 
nutrient levels are low, plants were maintained at a 


nutritional level optimal for blight development by 


Hoagland’s 


solution. An amount slightly more than the pot would 


feeding them every other day with 0.1 
retain, 50 ml.. was used for each feeding 
Goss (9) noted that the higher the temperature. the 


more rapidly local lesions of common and hak blight 


1 Accepted for publication September 27. 1951. 

The authors are much indebted to Miss Barbara Woo 
ing for excellent assistance with the work. to Dr. C. J 
Bliss for counsel on statistical matters. and to Dr. W. G 
Keyworth for helpful criticisms. We also acknowledge with 
pleasure the cooperation of Rohm & Haas Company of 
Philadelnhia, Pa., and of Carbide and Carbon Chemicals 
Corp. of New York, N. Y.. who made available some of 


the compounds used in these 


appeared. In our experiments, confined to studies on 
systemic symptoms, elevated temperatures likewise 
hastened the appearance of wili symptoms. For this 
reason the experiments were in a greenhouse thermo- 
statically controlled at 25° C.. except during summer 
months when ambient temperatures exceeded this 
value. No influence of light or humidity on the rate 
of appearance of systemic symptoms was noted; hence, 
no effort was made to control these factors. 

Inoculum consisted of 48-hr. cultures of Xantho- 
monas phaseoll, obtained through the courtesy of Dr. 
W. H. Burkholder. Originally we hoped to inoculate 
plants so as to produce local lesions and thus obtain 
a quantitative measure of effectiveness through lesion 
count. Because the number of local lesions could not 
be standardized on a routine experimental basis, studies 
were made on plants inoculated so as to produce a 
systemic infection. The youngest node on the plant 
was stabbed with a needle bearing inoculum when the 
second pair of trifoliate leaves was unfolding 

In studying the methods and timing of application. 
chemotherapeutants usually were applied to the plant 
at maximum nonphytotoxic strength. each pot being 
watered with 50 ml. of solution per day for 10 days. 

After suitable incubation, usually for 2 weeks, treat- 
ments were assessed in terms of 1) the percentage of 
plants which wilted because of bacterial blight and 2) 
the disease index. in which symptom severity in treated 
plants is expressed relative to that in checks. The lat- 
ter method involved grading individual leaves on each 
plant for symptom severity on a scale ranging from 
zero (no symptoms) to four (complete leaf collapse). 
establishing the mean grade for the plot and the treat- 
ment. and computing the index by dividing the mean 
erade for a treatment by that for the check plots. 

DEVELOPMENT OF A BIOASSAY FOR CHEMOTHERAPY." 

Vethods of administering compounds.— By what 
method of introducing compounds into plants are the 
che motherapeutic properties of compounds made most 
manifest? The two most likely methods consist of in- 
jecting the compound into stems and watering the soil 
with solutions of it so that the roots may absorb it. In 
a number of experiments these methods were compared 
and the results consistently indicated that watering 
plants with the solutions is the preferred method of 
application. In a typical pair of experiments, 21 treat- 
ments were applied to randomized plots consisting of 


“Salicylic acid, which had previously been found an 
effective therapeutant against bean blicht (5. 6). in th 
course of these investigations became steadily less effective 
Phe cause of this was a steady increase in pathogenicity of 
the cultures used as inoculum. In the experiments de- 
scribed herein, variations in the performance of salicylic 
acid always resulted from uncontrolled change in  patho- 


venicity. 
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Tasie 1.—The relation of efficacy of treatment to the meth- 
od of applying chemotherapeutic treatments for com- 
mon blight of beans 


Disease index 


Compound Concen- A B 
tration Water-  Injec 
(p.p.m.) ing tion 
2-(4-morpholiny!)-ethyl phenyl! 
ketone* 125 0.29* * 0.68 
Benzoic acid 500 0.34** 0.81 
Sorbic acid“ 125 0.42* * 0.65 
Auramine 500 0.47* 0.72 
Ethylene urea’ 63 0.53* 0.56 
Benzoyl methyl thiocyanate“ 63 0.54* 0.60 
Butoxypolypropylene glycol* 8 0.56 0.66 
2.(]-ethylamy!) -2-imidazoline-]- 
polyglycol* 125 0.56" 0.70 
8-quinolino! phosphate‘ 500 0.63 0.65 
Calcium chloride 1000 0.63 0.85 
Tergitol-4-(Na sulfate deriv. of 
2-methyl-7-ethyl undecanol-4) * 250 0.65 0.73 
Potassium permanganate L000 0.66 0.65 
n-Octadecyl trimethyl ammonium 
bromide” 666 0.71 0.54 
Crotonic acid 125 0.73 0.69 
Protocatechuic acid” 500 0.75 0.80 
Salicylic acid 250 0.77 0.76 
N-(4-nitropheny]) -3,4-dichloro 
benzene sulfonamide’ 15.5 0.78 0.62 
Dehydranone* ]25 0.80 0.56 
Cyclopentenyl butyldithiocarbamate* 63 0.85 0.73 
8-quinolinol salicylate" 125 0.96 0.92 
Check 1.00 1.00 
Lo. P(%.05) = 0.40 n. s 
P(°O1) 0.53 aD. 
‘Supplied by Carbide and Carbon Chemicals Co.,, New 


York City. 
"Supplied by Rohm & Haas Co., Philadelphia, Pa. 
‘Supplied by Darsyn Laboratories, Paterson, N. J. 
‘Supplied by Mallinckrodt Chemical Works, St. Louis, Mo. 


three plants each. Each treatment was applied to five 


replicate plots. In one experiment of the pair the 
plants were watered with solutions of the compounds. 
In the other. the same compounds at the same concen- 
trations were injected into the plant with a hypodermic 
needle. as much solution as possible (about 0.2 ml.) 
being forced into the vascular region of the stem with- 


out splitting it. All plants were inoculated one day 


before chemotherapeutic treatment was begun and 
treatments were applied each day for 10 days. After 


incubation the disease index was estimated. The sum- 
marized results of these two experiments are in table 1. 

Obviously it was the purpose of this pair of experi- 
ments to compare the value of two methods of apply- 
ing compounds on a routine basis, not to attempt to 
apply a compound so that the same amount was taken 
into the plant. There is no ready means of measuring 
how much chemotherapeutant is absorbed by the roots 
of a plant. 

Several compounds significantly reduced the severity 
of bean blight when plants were watered with solutions 
of them. This effect is indicated not only by the anal- 
ysis of variance (value of F for treatments was 1.813 
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Tas_e 2.—Relation of timing of treatment and number of 
applications to the efficacy of salicylic acid as a chemo- 
therapeutant for common blight of beans 


Time and number 


f . Percentage of Disease 
of applications - : 
: plants wilted index 
(successive days) 
Before inoculation 
8 95 0.63 
| 9] 0.77 
2 100 1.08 
] 94 0.65 
Check 
0 100 1.00 
After inoculation 
1 95 0.82 
2 83 0.45 
1 92 0.47 
8 30 0.48 


where F(,4.9;) was 1.70), but also by estimating the 
“just significant difference” (Table 1). In contrast, 
when compounds were injected into stems. no treat- 
ment caused significant reduction in severity of disease 
(value of F for treatments was 0.733 where F (9.95) 
was 1.70). This resulted from the fact that effects were 
not consistent when compounds were injected into 
stems. In these experiments it was evidently preferable 
to water plants with solutions of the test compounds 
rather than to inject these materials into plant stems. 
Timing of treatment in relation to inoculation. 
When ought chemotherapeutic treatment to be begun 
in relation to time of inoculation, in order to obtain the 
greatest differentiation of To answer 
this, experiments were set up in which the timing and 


compounds? 


the number of applications were varied in relation to 
the time of inoculation, using salicylic acid. All treat- 
ments were made by watering plants with solutions. 
Each treatment was applied to a minimum of 33 plants. 
Plants were all inoculated from one batch of inoculum 
and on the same day—the day following last applica- 
tion of salicylic acid or that preceding the first applica- 
tion (Table 2). Severity of disease was estimated and 
disease indexes were computed for plant, plot, and 
treatment. Results are in table 2. 

When plants were treated before they were inocu- 
lated, there was but little effect. In contrast, the dis- 
ease picture altered in marked fashion in plants 
treated after inoculation as the number of applications 
was increased. Thus severe wilt symptoms appeared on 
most of the plants receiving only one application of 
salicylic acid; mild symptoms appeared on plants hav- 
ing two or four applications. Only a few plants wilted 
after eight applications. but symptoms were severe on 
those few. 

These results suggest strongly that a compound will 
be rated more favorably when applied after inocula- 
tion of the plant. and, moreover, that the number of 
applications of a compound should be more than a 
certain critical minimum. As judged by the percentage 
of plants having wilting symptoms. several applications 
should be made on successive days if maximum dif- 

















~ 
> 


TABLE 3.—The presence of bacteria in plants treated with 
effective chemotherapeutants as determined by their 
recovery in culture 


Symptomless plants 


isolations ol positive 
Treatment Percentage attempted isolations 
Laury] isoquinolinium 

bromide 69 23 65 
Zinc sulfate 89 9 56 
Calcium chloride 70 1] 95 
Salicylic acid 86 25 18 
Auramine 37 14 21 


Check 5 5 100 


ferences between an effective treatment and the check 
are to be obtained. 

Condition of bacteria in inoculated plants which do 
not wilt under treatment with a chemotherapeutant. 
When plants are treated with effective compounds. 
either they do not wilt or wilting is slight. One may 
inquire whether bacteria are multiplying in the treated 
plants but are not pathogenic, o1 whether treatment 
has limited multiplication of bacteria in the host. 
Accordingly, plants were watered with solutions of 
the compound after inoculation, and attempts were 
made to isolate bacteria from the plants after wilting 
symptoms had developed in check plants and in ineffec- 
tive treatments. In all cases attempts at cultures were 
made from plants with no wilt symptoms, except check 
plants. Results are in table 3 

Apparently the first four compounds in table 3 do 
not act by killing bacteria in the plant. since bacteria 
are frequently isolated from symptomless plants. These 
compounds probably are active because they reduce 
the pathogenicity of bacteria without killing them. In 
contrast, bacteria could seldom be isolated from plants 
which showed no wilt after treatment with auramine. 
Probably this compound is bactericidal in the host. 

Effect of variations in pathogenicity of Xanthomonas 
phaseoli upon the efficacy of chemotherapeutic treat- 
ment.—Variations in pathogenicity of cultures may 
arise, in part. by genetic mechanisms: other factors 
may be age of a culture, the frequency with which it 
is transferred, or the time since it was last put through 
a living host (2). 

When received from Dr. Burkholder. the culture of 
Yanthomenas phaseoli was immediately transferred. 
but no other transfers were made for some time. When. 
finally, active studies on bacterial blight of bean were 
begun, the stock culture was transferred more regula 
ly, and as the work progressed and more experiments 
were run, this was done every 48 or 72 hr. 

In a review of the results obtained over 14 months. 
two relations stand out: 1) the pathogenicity of the 
culture gradually increased during the first 8 months 
of the investigation and remained constant thereafter. 
so far as could be determined: and 2) the efficacy of 
salicylic acid as a chemotherapeutic treatment steadily 
decreased. The data on which these statements are 


based are in table 4. Evidently thought must be given 


Number of Percentage 
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Tape 4.—The relation between pathogenicity of cultures of 
Yanthomonas phaseoli and the efficacy of salicylic acid 
as a chemotherapeutant 


Disease index 
Number of days of plants treated 
after inoculation with salicylic 


Experiment number for first acid (percentage 
and date symptoms of check) 

3—November 18, 1947 7 0.06 
32—April 8, 1948 8 0.11 
12—-July 28, 1948 5 0.23 
16—August 24, 1948 3 0.77 

6 December 10, 1948 a 0.82 

63—January 18, 1949 3 0.85 


to the influence which variations in pathogenicity will 
have upon the results of experiments dealing with 
chemotherapy. The pathogenicity of the test organ- 
isms should be regularly assayed, and the procedure 
for producing inoculum should be well standardized so 
as to minimize variations from this cause. 

AN EVALUATION OF COMPOUNDS AS CHEMOTHERAPEU- 
rANTS FOR BEAN BLIGHT.—-In a series of experiments, a 
number of compounds were bioassayed as chemothera- 
peutants for bean blight. Those whose activity is re- 
ported were all assessed by application of solutions to 
plants each day for ten successive days following in- 
oculation. Because the pathogenicity of cultures varied 
during the experiments, the value of compounds given 
a high rating may have been overestimated. However, 
those given low ratings may be rejected. Compounds 
were selected initially on the basis of their solubility 
in water and known activity as fungicides or bacteri- 
cides. Subsequent selections were based in part upon 
compounds previously found to have chemotherapeutic 
promise against other diseases (5, 6. 14. 19), and in 
part upon random selections to determine whether 
other useful criteria for selecting compounds could be 
discovered. 

Because salicylic acid was one of the first compounds 
found to exert a pronounced chemotherapeutic action 
against bean blight (5, 6). the chemotherapeutic po- 
tency of a number of salicylates was examined. In 
some experiments 8-quinolinol salicylate produced 
plants having indices half those of check plants. Sodi- 
um salicylate reduced slightly the extent of attack by 
the common blight organism. Acetyl salicylic acid, 
salicylanilide, and phenyl and methyl salicylates were 
ineffective. 

(part from 8-quinolinol salicylate. mentioned above, 
the following derivatives of 8-quinolinol were of little 
value in reducing the severity of bacterial blight of 
beans: 2-quinolinol. 8-quinolinol. 8-quinolinol-5-sul- 
fonic acid, and the phosphate, benzoate. and sulfate of 
8-quinolinol. 

Phenols, with the possible exception of p-nitrophenol 
(index 0.56 of control) did not reduce the level of dis- 
ease significantly. Phenol, hydroquinone. 3.5-dinitro-o- 
cresol, o-nitrophenol. protecatechuic acid. catechol, 
picric acid. and dichloro dihydroxy diphenylmethane 


were of no value. 
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Mercury compounds—mercuric chloride, pyridyl 
mercuric acetate, and phenyl mercury triethanol am- 
monium lactate—were generally ineffective. 

Of the four dyes, auramine, chloramine T, 


green, and methylene blue, only auramine had a pro- 


malachite 


nounced effect. 

None of the 
These were sulfanilamide, 
nitropheny!] ) -3.4-dichlorobenzene sulfonamide. 


was outstanding. 


N-(4- 


sulfonamides used 
sulfasuxidine. and 


Jenzoic acid was significantly effective in certain 
trials but p-aminobenzoic acid was not. 

Quaternary ammonium compounds, although said to 
be efficient bactericides, were not consistently of value. 
Thus while lauryl isoquinolinium bromide was effective, 
octadecyl trimethyl ammonium bromide and Roccal 
were not. 

Cyclopentenyl butyl dithiocarbamate and disodium 
ethylene bisdithiocarbamate were of little value. 

\ number of miscellaneous compounds were used 
with varying results. In some experiments both zine 
sulfate and calcium chloride significantly reduced the 
Ethylene urea, sorbic acid, ben- 
phenyl 


severity of disease. 


zoyl| methyl thiocyanate. 2-(4-morpholinyl) 
ethyl ketone, and 2-(1-ethylamyl)-2-imidazoline poly- 
Ineffective 


were potassium permanganate, sodium selenate, ace- 


olycol slightly reduced severity of disease. 


tone. thanol, maltose. chloranil. thiourea. isoamyl 


formate, and dl-mandelic acid. 

None of these compounds had sufficient potency as 
a chemotherapeutant to promise practical control of 
bacterial blight of beans when virulent strains of the 
pathogen were involved. It remains to be seen whether 
such compounds will be found in the future. 
Discussion.—-The study on bean blight is probably 
a clear-cut case of chemotherapy of plant diseases. The 
chemotherapeutant is applied to the roots and inocula- 
tion is made just below the growing point of the stem. 
Thus, when treatment significantly reduces the severity 
of disease. there can be little doubt that the compound 
has been absorbed by the root and that this compound 
or a product derived from it has been translocated to 
the area of infection. When inoculation precedes treat- 
ment, reduction in severity of disease must involve 
therapy. 
that, when 


watered with a solution of the compound, the chemical 


These studies have shown plants are 
behaves more uniformly and in more pronounced fash- 
ion as a chemotherapeutant than when the compound 
is injected into the stem of the plant. The same situa- 
tion prevails when 8-quinolinol benzoate is used as a 
chemotherapeutant for Dutch elm disease (4) and also 
in the chemotherapy of Fusarium wilt of tomatoes.® 
All of the available evidence indicates that injection of 
compounds into the stem is inefhicient for the objectives 
of chemotherapy. 

Whether a chemotherapeutant is more effective if 
applied before or after inoculation of the plant is of 
real importance in designing methods for measuring 


3 Unpublished work by A. E. Dimond, R. A. 


and FE. M. Stoddard. 


Chapman, 


AL. : 
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chemotherapeutic potency. It is also of importance in 
practice if one can say that when bean blight is in- 
oculated so as to produce a systemic infection, effects 
are more pronounced when inoculation occurs prior 
to treatment (Table 2). Stoddard, working with the 
X-disease of peach, has reported similar results (14). 
X-disease is transmitted experimentally by budding 
diseased bark or buds into healthy stock. It is quite 
possible that little translocation of inoculum or of 
therapeutants can occur across the wound barrier until 
the tissues have begun to grow together. When the 
plant is inoculated with the bean blight organism by 
stabbing a needle through the stem, a wound barrier 
is also formed. How can it be that in two diseases of 
this sort, the chemotherapeutant is most effective when 
applied after inoculation has occurred? For one thing, 
to eliminate the pathogen at once the therapeutant 
must be free to move across the wound barrier from 
surrounding tissues—a process that will proceed slow- 
ly until the wound is healed. For another, the thera- 
peutants under consideration here have a short effec- 
tive life in the plant (Table 2). Because this process 
goes on, what is in the plant before inoculation may be 
rendered inactive before it can be translocated across 
the barrier created by a wound. 

When no barrier of crushed or grafted tissue is in- 
volved the picture appears quite different. Studies on 
Dutch elm disease (4) and Fusarium wilt of tomato 
(3) and carnation (16) have shown clearly that in- 
oculation following treatment is not merely to be pre- 
ferred; it is a necessity for successful chemotherapy. 
This relation governs timing of applications in practice 
if time of inoculation is known. 

Considered from the point of view of a compound 
acting upon a growing mass of inoculum, the study of 
chemotherapy some interesting problems. 
\ unit quantity of chemotherapeutant will be required 
to inactivate a unit quantity of inoculum. However, 
bacteria begin to multiply in the host within a few 
If treatment is to be 


presents 


hours of their entry into it (1). 
effective the amount of chemotherapeutant which ar- 
rives in a given time at’the locus of the inoculum (the 
site of potential infection) must at least be equal to 
the minimum dose required to prevent the increase in 
inoculum in this same time. If this does not happen, 
then the inoculum will increase. however slowly, and 
infection will spread. 

In the present application of 
suitable compounds has reduced both the number of 
affected plants showing wilt symptoms and the severity 
of the wilt symptoms (Table 2). This indicates a sup- 
pression of bacterial invasion. a conclusion which has 
heen confirmed by attempts to culture bacteria from 
treated plants which fail to wilt (Table 3). 

When the pathogenicity of cultures used in these 


studies continued 


studies increased, the effectiveness of treatment de- 
creased. Salicylic acid was highly effective when 


moderately pathogenic cultures were employed (Table 
1). but quite ineffective when highly pathogenic cul- 
tures were used. Bearing this in mind, one may now 


consider the results in table 2: evidence which indi- 














cates that more than four applications on successive 
davs after inoculation will be required for maximum 
effectiveness of treatment 

If the inoculum is so pathogenic as to produce symp- 
toms in the plant in less tin in that required for 
absorption of a chemotherapeutic dose. then highet 
concentrations of chemotherapeutant must be admin- 
istered. If maximum nonphytotoxic concentrations 


have already been employed en effective treatment 


becomes impossible. We may conclude. therefore. that 


the relation of the time required for a plant to absorb 


a chemotherapeutic dose to the incubation period of 
the pathogen is critical: this relation will spell the 
success or failure of treatment for one disease even if 
the compound has previously been found promising as 
a chemotherapeutant for other diseases. 

These studies have evaluated a number of com 
pounds as chemotherapeutants for bean blight. All of 
the compounds which had value chemotherapeutically 
have either bactericidal or fungicidal potency. but not 
all of the compounds having toxicity for microorgan 
isms were of value chemotherapeutically. This result 
would be expected. Some may not be absorbed by the 
plant; others may not be translocated. Still others 


may be detoxified in the plant. and. if their products 
arrive at the point of infection, these are ineffective. 
It is probably significant. however. that no compound 
which does not have toxicity for microorganisms was 
promising as a chemotherape in these experiments 


SUMMARY AND CONCLUSIONS 


The results of a chemotherapeutic investigation on 
bacterial blight of beans. caused by Xanthomonas 
phaseoli, are presented. A method was developed 
whereby one may measure by bioassay the potency of 
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a compound as a chemotherapeutant for this disease. 
Inoculum is stabbed into the youngest node of young 
bean plants. The plants are then watered with solu- 
tions of the test compound at maximum nonphytotoxic 
streneth. After 2 to 3 weeks’ incubation, results are 
obtained by grading individual leaves on plants, com- 
puting the mean grade per plot. and relating the result- 
ing grade to treatment. 

Compounds were more effective as chemotherapeu- 
tants when solutions of them were applied to plants 
and absorbed through the roots than when the com- 
pound was injected with a hypodermic needle into the 
stem. Similarly. treatments were more effective when 
applied just after inoculation of the plant than just 
before. and when applied for several successive days 
rather than merely for 1 or 2 days. 

Attempts to isolate bacteria from treated but non- 
wilted plants showed that the multiplication of the 
pathogen had been reduced by treatment and also that 
pathogenicity of the bacteria had been reduced. An 
increase in pathogenicity in the inoculum emploved in 
experiments over the period of investigation was of 
such magnitude that treatments which were originally 
effective were quite ineffective when used in later ex- 
periments. It is suggested that if the pathogenicity of 
an organism is such that infection develops actively in 
a time less than is required to build up a chemothera- 
peutic dose in the plant. a treatment will be ineffective 
unless the time to establish this dose can be reduced. 

\ number of compounds were evaluated as chemo- 
therapeutants for bean blight. All of those of value 
have known bactericidal or fungicidal potency; but 
many compounds having such potency were not of 


value as chemotherapeutants. 
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AS A HOST OF THE CITRUS-ROOT NEMATODE ! 


R. C. Baines and Gerald Thorne 7 


nematode, Tylenchulus 
was first observed on 
Hodges in 1912.4 
since been found on the roots of 12 species of Citrus, 
{talantia 


The citrus-root semipene- 
( ‘obb. 


Catifornia by 


trans orange roots in 


This nematode has 


as well as on close relatives of Citrus such as 
citroides Pierre ex Guill., Fortunella sp... Micrecitrus 
spp.. and Poncirus trifoliata (Linn.) Raf? All of 
these hosts belong to the family Rutaceae. 

Olive roots collected by M. M. Winslow near Hemet. 
California. in October, 1942, 


author to be infested with a nematode morphologically 


were found by the junior 


identical with Tylenchulus semipenetrans. A second 
lot of olive roots collected near Lindsay. California. 
by E. C. Moore and received in May. 1944, was also 


mentions the 
Cali- 


Allen® briefly 


nematode on 


infested with nematode. 


occurrence of the citrus olive in 
fornia. 
which is 


The olive belongs to the family Oleaceae. 


considerably removed botanically from the family 
Rutaceae. Since a detailed study of the nematode on 
olive had not been made, it seemed important to de- 
termine whether this nematode was pathologically. as 
well as morphologically. similar to that on citrus. 
INOCULATION sTUDIES.—Nematode larvae for inocu- 
lations were obtained from the roots of infested sour 
orange and Mission olive trees growing in separate 
fields at The 


were washed quickly in water and then covered with 


Riverside. California. infested roots 


water in a pan for a few hours. The suspensions of 
larvae thus obtained were placed on filter paper in 
funnels. and the larvae, after passing through the 
paper, were collected in vials attached to the base of 
each funnel. Larvae thus obtained were relatively 
free from extraneous material. 

One 


and one small 


Experiment 1. rooted olive cutting of the 


Sevillano variety sour-orange seedling 


of the Standard variety were planted on opposite 
sides of each of nine small root-observation boxes 
(Fig. 1). 

1 Accepted tor publication August 29, 1951. 

Paper No. 701, University of California Citrus Experi 


ment Station, Riverside, California. 

~ Associate Plant Pathologist, California Agricultural Ex 
periment Station, and Nematologist, Division of 
Nematology, Plant Industry, Soils, and Agri 
cultural Engineering, Agricultural Research Administra 
tion, U. S. Department of Agriculture, respectively. 

Cobb, N. A. Notes on Mononchus and Tylenchulus. 
Washington Acad. Sci. Jour. 3(10) : 287-288. 1913. 

!Thomas, Edward E. The citrus nematode, Tylenchulus 
Calif. Agr. Exp. Sta. Tech. Paper 2: 1-34. 


senior 


Bureau of 


semipenetrans. 
1923. 

* Baines, R. C., O. F. Clarke, and W. P. Bitters. Sus 
ceptibility of some citrus species and other plants to the 


(Abstr.) 


citrus-root nematode, Tylenchulus semipenetrans 


Phytopath. 38: 912. 1948. 
6 Allen, M. W. Root-lesion nematodes. California 
Agriculture 3: 8, 14. 1949, 





ran 4; 


Small olive cuttings and orange seedlings in 
root-observation boxes used for nematode inoculations. At 
right, one side of wooden box has been removed to expose 
(One-third actual 


roots growing against glass side of box. 
size.) 


One week after the trees were planted in the boxes, 
200 larvae from olive roots were placed on the roots 
of each olive and orange tree in three of the boxes. 
Each 
5.000 


three other boxes were maintained for 


tree in three other boxes was inoculated with 


Trees in 


controls. All 


larvae obtained from orange roots. 


the trees were kept in a greenhouse. 


Four months after inoculation, the roots against 


the glass sides of the boxes were examined for females 


of Tylenchulus semipenetrans. A few females were 


found on the roots of three orange trees and one 


olive tree which had been inoculated with larvae from 
olive roots. Numerous females were found on the 
three orange trees inoculated with larvae from orange 
observed on the olive 


Many of the 
appeared to have died. and this may have affected the 


roots, but no infestation was 


roots in the same boxes. olive roots 
results. 

Nine months after inoculation the roots of the trees 
were carefully removed and examined for colonies of 
T'ylenchulus semipenetrans. Mature females developed 


on the roots of all the orange and olive trees which 
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TABLE 1. Relative infestation of roots of Sevillano olive 
and Standard sour orange grown together in observa- 
tion boxes and inoculated with larvae of Tylenchulus 
semipenetrans from olive and orange roots. 


py oe ae Degree of infestation 


Source of inoculum box No. Qrange roots Olive roots 


Mission olive roots | 


) 
5 
Sour-orange roots ] {+4 
) 
Noninoculated (control) 1 0 0 
4 0 0 
5 0 0 
*O = no females of T. semipenetrans on the roots; + 
= fewer than 1 female per cm. of roots; +- l to 3 
females per cm.; +++ more than 3 females per em. 
» Approximately 260 larvae were used for inoculation 


of each plant. 
. A pproximately 5.000 larvae were used for inoculation 


of each plant. 


had been inoculated with larvae from olive or orange 
roots (Table 1). A greater number developed on the 
orange than on the olive. regardless of the source of 
the inoculum. However. apparently a higher percent- 
age of larvae from olive infested the two hosts than 
larvae from orange roots. No infection developed on 
the control trees. 

Experiment 2.—For a study of the effect of host 
association on infestation with the citrus-root nema- 
tode. a Mission olive seedling and a Homosassa sweet- 
orange seedling were planted together in 6-in. pots. 
Olive and orange seedlings were also planted separate- 
ly in other pots. Inoculum was introduced through 
a glass tube inserted to a depth of about 3 in. in the 
center of each pot. [wo pots of each of the three 
lots were inoculated 9 and 30 days after planting. 
each pot receiving approximately 26.300 larvae ob- 
tained from sour-orange roots only. A like number of 
trees similarly potted were maintained for use as 
noninoculated controls. All the trees were kept in a 
greenhouse for 5 months and the degree of infestation 
on the roots was then determined. 

The roots of each plant were carefully removed and 
cut into small pieces. One-gram lots of the roots were 
then enclosed in cheesecloth bags and suspended in 
water for 48 hr. in funnels. each of which had a vial 
attached to its stem (modification of the Baermann 
method). The number of nematode larvae obtained 
from 1 gm. of roots and the relative numbers of fe- 
males found on the roots (Table 2) were less on olive 
roots than on orange roots. whether the two hosts were 
growing in the same pot or in separate pots. Larger 
numbers of larvae were obtained from the olive roots 
when grown in association with the orange than when 
grown separately in the pots. The writers believe 
that such differences should be attributed largely to 


an increase of the nematodes on orange roots and to 


Tarte 2.—Relative infestation of roots of Mission olive 
and Homosassa sweet orange when grown together and 
separately in pots and inoculated with larvae of Ty- 


lenchulus semipenetrans from sour-orange roots 


Degree of in- Average number 


festation with of larvae per 
females” gm. of roots 
Trees in pots* Olive Orange Olive Orange 
Olive and orange + tot 119 775 
Olive - 12 -- 
Orange Lot - 727 
Controls (same 
as above) 0 0 0 0 
‘Each treatment was made in duplicate. 
O no females of 7. semipenetrans on roots; + = 
fewer than 1 female per cm. of roots; +4 1 to 3 


females per cm. 


subsequent infestation of olive. No infestation devel- 
oped on the roots of the control trees. 

PATHOGENICITY AND MORPHOLOGY.——In the tests re- 
ported above the nematodes from olive and orange 
roots appeared to be similar in pathogenicity, although 
the larvae from olive were more infective in experi- 
ment 1 (Tables 1 and 2). The light infestation ob- 
tained on olive roots suggests that the nematode does 
not infest and reproduce as readily on these roots 
as on orange roots. Olive roots infested naturally in 
the field at Riverside, California, also have shown 
considerably lighter infestation than orange roots in- 
fested under similar conditions. 

Microscopic examination of specimens of nematodes 
occurring naturally on olive and orange roots revealed 
that both were typical of Tylenchulus semipenetrans 
Cobb." 


SUMMARY AND CONCLUSIONS 


Reciprocal inoculations were made on olive and 
orange roots with larvae of a similar nematode ob- 
tained from these two hosts. Specimens of the nema- 
todes from both olive and orange roots also were 
examined critically for identification of species. The 
nematode occurring on olive roots in California ap- 
parently is similar morphologically and pathologically 
to the citrus-root nematode, Tylenchulus semipene- 
trans Cobb. obtained from orange roots. 

The citrus-root nematode readily completed its life 
cycle on olive roots, whether the source of the inocu- 
lum was olive or orange. The olive, however, did 
not appear to be so favorable a host as the orange. 
The nematode exhibited no apparent host specificity 
between olive and orange. 

The olive tree should be recognized as a host in 
any program planned for control of the citrus-root 


nematode. 
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FORNIA Citrus EXPERIMENT STATION 
RIVERSIDE, CALIFORNIA, AND 

U. S. NemMatoitocy Fretp LAroratory 
Sact LaKe Crry, UTAH 











42 


live 
and 


Ty- 


vel- 


re- 
nge 
ugh 
eri- 
ob- 
loes 
pots 
y in 
own 

in- 


des 
aled 


rans 


and 

ob- 
‘ma- 
vere 
The 

ap- 
ally 


ene- 


life 
ocu- 
did 
nge. 


icity 


t in 
root 


-ALI- 








ELECTRON-MICROSCOPE STUDIES OF A NEW ORCHID VIRUS COMPLEX? 
Nelson Newton and David W. Rosberg 


Several viruses of Cattleya orchids have been re- 
ported. Jensen reported a virus causing flower distor- 
tion and leaf mottle and malformation. Newton and 
Rosberg (4) reported two morphologically different 
particles associated with a virus disease of Cattleya, 
and Gold (1) reported rod-shaped particles, variable 
in length, associated with broken flowers of Cattleya. 

The present studies are concerned with further elec- 
tron microscopy and associated investigations of what 
is believed to be an orchid virus complex infecting 
Cattleya spp. 

Several years ago the orchids grown for commercial 
purposes in the vicinity of Columbus, Ohio, were dis- 
figured by dark-colored areas or streaks in the petals 
and sepals, some distortion and mottling of blossom 
petals and lips, and leaf mottle symptoms. A virus was 
suspected as the causal agent of the disease and ex- 
tensive pathological and host-range studies were made. 
Attempts to transmit the disease from orchid to orchid 
by various means met with apparently only very lim- 
ited success. Whenever transmission appeared to have 
been accomplished, symptoms appeared on the plants 
only after about 12 weeks or longer (5). In an effort 
to identify the causal agent of this orchid disease, the 
following studies were made. 

MATERIALS AND METHODS.—Preparation of extracts. 

Leaves of diseased orchid plants were harvested and 
ground to a fine pulp; this was pressed through four 
layers of cheesecloth and the raw juice was concen- 
trated and purified by alternate centrifugations at 
6.460 g. (low speed) for 30 min., and 19,942 g. (high 
speed) for 114 to 2 hr. The process was then repeated. 
An almost colorless opaque substance, found in the 
bottoms of the centrifuge tubes following the final 
high-speed centrifugation, was suspended in 20 cc. of 
a 0.05-M KH.PO,-KoHPO, buffer at pH 7. 

For comparison with the diseased extract, juice from 
the leaves of eight different, apparently healthy or- 
chid plants was extracted separately and purified using 
Of these eight plants, only 
four yielded the opaque substance. 


differential centrifugation. 


Electron-microscope studies.— Microdrops of the 
highly concentrated and purified suspensions from ap- 
parently healthy and diseased plants were diluted with 


1Accepted for publication September 20, 1951. 

This work was partially supported by a grant-in-aid from 
the United States Public Health Service. An abstract of 
the results of electron-microscope investigations of the or- 
chid virus was presented in the Journal of Applied Physics, 
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author was in the Graduate School, The Ohio State Uni- 
versity. 
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distilled water and mounted on electron-microscope 
viewing screens, which had been coated with a 0.2 
per cent solution of Formvar dissolved in ethylene di- 
chloride. The specimens were then platinum-shad- 
owed at an angle of approximately 12° and viewed 
with a Universal type RCA electron miscroscope. 

Serological studies.— Because only comparatively 
small amounts of purified extracts from abnormal 
plants were on hand, it was necessary to dilute the 
concentrated purified materials so that two rabbits 
could be given five inoculations of 5 cc. each, 3 to 4 
days apart. At the end of this schedule, 10 cc. of 
blood were taken from each animal by heart puncture 
and the same amount from one noninoculated control 
animal. All blood samples were allowed to clot for 1 
or 2 hr. at room temperature and centrifuged twice to 
secure the serum, which was then stored in the re- 
frigerator. 

The precipitin ring test was used. The homologous 
antigen was evaluated quantitatively during serological 
testing. Use of a complete set of controls obviated the 
necessity of using the serum-absorption method, in 
which homologous antigen is removed from all sera to 
be used in the tests. 

The serum was first introduced into the usual small- 
bore precipitin tube and the antigen, prepared in dilu- 
tions of 1:5, 1:10, 1:15, 1:20, 1:25, and 1:30, was 
carefully layered, with a micropipet, over the surface 
of the serum. 

Examination for optical properties—Purified prep- 
arations from both diseased and normal orchids were 
examined with the polarizing microscope to determine 
whether or not the material showed streaming birefrin- 
gence. 

ReEsutts. — Platinum-shadowed preparations of the 
suspension revealed that the entities present were 
definitely rod-shaped structures, many of them very 
long and sinuous (Fig. 1). In concentrated materials 
(Fig. 2) these rods existed for the most part in paral- 
lel aggregates or in large, nonoriented masses resem- 
bling a brush heap. In diluted preparations it was pos- 
sible to find many isolated particles. Numerous mounts 
were made of the extracts from diseased plants, and 
in every case rodlike bodies were found. 

Electron-microscope studies of purified extracts of 
two apparently healthy plants revealed the same types 
of rodlike bodies. Because rodlike material similar to 
that shown in figures 1 and 2 has not been reported 
as a constituent of the extracts of healthy plants, fur- 
ther preparations were made from six very young or- 
chid plants to determine whether or not rod-shaped 
bodies are present in all apparently healthy plants. 
Samples from each of these plants were platinum- 
shadowed and examined with the electron-microscope. 
Rod-shaped bodies were noted in one of these; one 
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Fic. 1. Virus particles, principally sinuous rods, from 


diseased Cattleva orchid. The long, threadlike particle 
(right center) is approximately 1525 mz long. Platinum- 
shadowed at approximately 12° angle. ( 46,800) 


was questionable. having only an occasional isolated 
rod; and the remaining four showed only occasional 
traces of plant debris. without rods. 

A study of 25 electron micrographs revealed the 
possibility that two different types of rodlike bodies 
were present: a straight rod and a longer, sinuous par- 
ticle. 

To determine the basic length or lengths of the en- 
tities present, 203 particle-length measurements were 
made. 

The rigid, rodlike forms were approximately 300 mz 
long (Fig. 3) and averaged about 24 m# in diameter. 
The less rigid. sinuous rods averaged approximately 


Fic. 2. Sinuous and straight rodlike virus particles from 
diseased Cattleya orchid. Platinum-shadowed at approxi- 
mately 12° angle. (” 46,800) 


390 > 21 m4. Some particles were longer or shorter 
than the predominating units. 

When examined with the polarizing microscope, con- 
centrated and dilute suspensions from diseased orchids 
showed marked degrees of streaming birefringence. 
but similar preparations from healthy plants lacked 
this property. 

Exposure of concentrated extracts from diseased 
plants to an intense beam of light produced a_pro- 
nounced Tyndall cone, not seen in the normal plant 
extracts. 

Precipitin ring tests (Table 1) reveal a relatively 
pronounced ring test at a dilution of 1:5 of the anti- 
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TABLE 1. 


Plant extract 


Healthy 
Healthy 
Virus-diseased 
Virus-diseased 
Healthy 


Virus-diseased 


Anti-healthy plant 
Anti-virus-diseased plant 
Anti-healthy plant 
Anti-virus-diseased plant ++ 


The reaction be- 
comes progressively less until, at a dilution of 1:25 


gens, ie., the orchid virus complex. 
and 1:30, only a trace of + reaction is indicated. 
Since the antisera were dilute suspensions of the an- 
tigen, the extent of dilution of the antigen capable of 
Moreover. 
plant viruses are rather poor antibody stimulators, in 
comparison with the animal and human viruses. The 


giving positive results is rather limited. 


results of the ring tests, therefore, support the con- 
tention that the diseased material contained an antigen 
not present in healthy extracts. Homologous antibody 
was also present, but in no case was a ring test for 
homologous antibody visible at a dilution greater than 


1:10. 


DisCUSSION AND CONCLUSIONS.—The studies present- 
ed here indicate strongly that the infective agent is a 
plant-virus complex unreported heretofore. The com- 
plex may consist of two different viruses, or two dif- 
In the light of our 
present knowledge of the plant viruses, the first hy- 


ferent forms of the same virus. 


pothesis seems to have more justification. The latter 
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Results of precipitin ring tests with extracts from diseased and healthy orchid plants 


Antigen dilutions 
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conclusion would imply that this plant virus may have 
two morphologically different stages in its life cycle. 
Such complexity in a plant virus has never been dem- 
onstrated. 

The entities found in extracts from diseased plants 
are rigid, rodlike forms, approximately 300 & 24 mz, 
and sinuous, flexible, rod-shaped forms, approximately 
390 < 21 m#. Forms shorter than 300 m# are prob- 
ably produced by the purification techniques employed. 
The greatest number of short particles are classed as 
rigid-appearing, rodlike forms (Fig. 3). In gathering 
data tor both graphs, only the particle lengths were 
considered. Without doubt a number of the small frag- 
ments recorded in figure 3 were derived from the 
longer, sinuous forms. With the fragmentation of sinu- 
ous forms the particles arising therefrom appear as 
straight fractions. Some end-to-end aggregation of the 
sinuous rods is indicated in figure 4 by the predomi- 
nance of particles 800-820 m# long, which is approxi- 
mately twice the length of the single units. 

From a purely pathological standpoint, these studies 
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indicate that symptoms of virus infection do not al- 
ways appear in diseased orchid plants. On the basis 
of the results presented here, it is assumed that the 
isolation of rodlike forms from orchid plants indicates 
virus infection although symptoms may be absent. 

Under the polarizing microscope, extracts from dis- 
eased plants showed pronounced streaming birefrin- 
gence. This property is found in colloidal suspensions 
in which the micelles are particles having one axis 
longer than the other two. Streaming birefringence 
was not seen in preparations from plants shown to be 
healthy by electron-microscope examinations. 

Morphologically the shorter, rigid form resembles 
tobacco mosaic virus, being somewhat larger in over- 
all dimensions, however. All attempts to transmit the 
virus to tobacco were negative. 

Some morphological similarities are noted between 
the shorter, rigid-appearing rods found in these studies 
and those observed by Jensen and Gold (3). The 
widths of each are the same but the lengths differ by 
about 20 mz. 

Some interesting speculations regarding the differ- 
ences in the physiochemical structure arise from a 
comparison of the dimensions and morphological ap- 
pearance of forms involved in the orchid virus com- 
plex and tobacco mosaic virus. Considering the di- 
mensions of each in relation to the length, it is evident 
that the shorter viruses, tobacco mosaic virus and the 
shorter rod forms of the orchid virus complex, are 
rigid structures. The longer forms found in the orchid 
virus complex appear to be tenuous and nonrigid. This 
fact might suggest that flexibility of virus rods is a 
direct function of their lengths and. to a lesser degree. 
their diameters. This assumption does not hold. how 
ever, when we consider the fact that tobacco mosaic 
virus aggregates end-to-end but maintains the same 
rigidity as do the units 280 m# long. Even with ex- 
treme end-to-end aggregation. the rigidity of structure 
is unaffected. This fact suggests that the length of a 
virus is unrelated to irregularity of form. It seems 
much more probable that the degree of rigidity is a 
function of the physiochemical structure. Possibly the 
bonding forces holding rod-shaped viruses together as 
n some than in others: 


units are qualitatively weake1 
or the bonds may be of the same strength, but in sinu- 
ous forms spaced in such a fashion 


looser, less dense over-all protein structure. 


as to produce a 
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From the initiation of the work until the first plati- 
num-shadowed rodlike forms were observed in the 
electron microscope, only 12 hr. elapsed. The electron 
microscope, therefore, can be an invaluable aid in the 
rapid detection of a plant virosis, as well as being an 
excellent tool for many other types of virus investiga- 
tions. 


SUMMARY 


Electron-microscope studies of centrifugally purified 
material from abnormal orchid plants revealed the 
presence of straight rodlike particles, approximately 
300 24 m4, and other sinuous rodlike particles ap- 
proximately 390 21m#. The purified extracts from 
four young, apparently normal seedling orchid plants 
had no such forms. The particles are believed to be the 
infectious agents of a new virus complex of orchid, 
characterized by mottle symptoms of leaf and petiole. 

Concentrated suspensions of the extracts from ab- 
normal marked streaming birefrin- 
gence in the polarizing microscope. This property was 
absent in extracts from normal plants. 

\{ pronounced Tyndall cone was shown in diseased 
extracts, not found in healthy preparations. Precipitin 
ring tests with serum from rabbits injected with dilute 
extracts from normal and diseased orchid plants gave 
a positive reaction, which was extinguished at a dilu- 
tion of 1:30 of antigen from diseased stock. The ex- 
tinction points in reactions with healthy extracts oc- 
curred at 1:5 and 1:10 dilutions of antigen. 

The electron microscope is, therefore, an excellent 


orchids showed 


instrument for the rapid diagnosis of plant viruses. 
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RELATION OF AIR TEMPERATURE AND VIRUS CONCENTRATION 
TO MOSAIC RESISTANCE IN CABBAGE! 


Glenn S. Pound 


Selection for resistance to the mosaic disease (2) in 
the All Seasons and Hollander types of cabbage (Bras- 
sica oleracea var. capitata L.) has yielded lines that 
are uniformly highly resistant or highly susceptible. 
In a study of the progenies of crosses of resistant 
susceptible lines it was found that resistance was in- 
completely dominant and polygenic in nature (7). 
The viruses (9) multiply in resistant plants, but in 
field plantings it has been observed that the expression 
of a certain degree of symptoms by infected plants is 
not always constant but varies somewhat with environ- 
ment. The present study was undertaken to ascertain 
whether air temperature is related to symptom severity. 
Since it had been shown previously that the concentra- 
tion of certain strains of turnip virus 1 in cabbage and 
horseradish was correlated with symptom severity (4. 
6), the relationship of this factor to symptom expres- 
sion in resistant cabbage also was studied. 

MATERIALS AND METHODS.—Cabbage seed was sown 
in white quartz sand and seedlings were transplanted 
when in the cotyledonary stage to new sand in por- 
celain crocks, seven plants per crock. Plants were 
watered frequently with a balanced nutrient solution 
described by Hoagland and Snyder (1), each crock 
receiving an identical amount. Distilled water was 
used between feedings. When plants were in the sec- 
ond true leaf stage one crock of each variety was 
, 20°, 24 


and inoculated with a mixture of cabbage 


placed at each of four air temperatures. 16 
and 28° C., 
viruses A and B (9). The mixture was used because 
the viruses usually occur together in nature to produce 
the mosaic disease. Sufficient trials with virus A were 
run to show that this virus alone responded to environ- 
ment in resistant and susceptible plants exactly as it 
did when with virus B. The results reported herein 
refer only to the A component since the assay used 
was that for the local lesions produced by the A virus. 
All data given are for plants infected with virus A in 
combination with the B component, except for one trial 
in which the cabbage black ring virus (8) and a horse- 
radish virus (3), both strains of turnip virus 1. were 
mixed with virus B and inoculated to the various lines 
for comparison with the cabbage A strain of turnip 
virus 1. In assays for the concentration of virus A. 
the youngest leaves were taken from each of the seven 
plants and a composite sample was triturated in a 
0.1 M. sodium phosphate buffer of pH 7.0. usually at 
the rate of 1 gm. of tissue in 10 ml. Comparisons then 


'Accepted for publication September 27, 1951. 
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were made in half-leaf inoculations to tobacco (Nico- 
tiana tabacum L.) on which local necrotic lesions are 
produced. Carborundum was blown onto tobacco leaves 
with a DeVilbiss powder blower, and inocula were then 
applied with cheesecloth pads. In some tests, each 
comparison was made on eight to ten plants of three. 
leaves each and analyzed independently of other com- 
parisons. 

When all possible comparisons of the four tempera- 
tures were desired, seven tobacco plants of three leaves 
each were used in an incomplete block design. The 
following arrangement was used; horizontal rows rep- 
resent tobacco plants and vertical columns represent 
leaf positions on these plants: 


se 2 ¢C PF ee 
B DF E GZ A C 
C F EAB G&G D 


Since the four temperatures allowed only six different 
comparisons, one treatment was duplicated each time. 
It can be seen that each treatment occurred once at 
each leaf position and once on the same plant with 
each of the other treatments. Usually twice the num- 
ber of plants needed were inoculated, so that the half- 
leaf positions in which the inocula were applied could 
be reversed on half of the plants in order to eliminate 
any variability due to the inoculation stroke. 

EXPERIMENTAL ResuLts.—Relation of air tempera- 
ture to resistance.—As previously reported (5), the 
incubation period of mosaic in cabbage varied in- 
versely with the air temperature within the range 
studied, being shortest at 28° and longest at 16° C. 
One line (83-366), which had been extremely suscepti- 
ble in field plantings and which was included in all 
greenhouse tests as a susceptible control, also showed 
the same response of the incubation period to tempera- 
ture. However, temperature did not seem to affect the 
ultimate severity of symptoms expressed in this line. 
\fter a sufficient lapse of time, usually 20-30 days, 
symptoms were about as severe at 16° as at 28° (Fig. 
1, A). 

Progenies 25-823, 25-839, 25-844, 25-849, 25-850, 
25-852. 25-968, 25-969.83-502, 83-503, and 83-509 all 
showed moderate to high resistance in field tests (Table 
1). In greenhouse tests they were almost completely 
resistant at 16° and 20° (Fig. 1), slightly to moder- 
ately susceptible at 24°, and moderately to highly 
susceptible at 28° C. At 28° most of the resistant lines 
developed mottling, stunting, and distortion as severely 
as did 83-366. Progenies 25-823 and 25-839, however, 
were considerably more tolerant at 28° than the others. 
In several trials 25-823 did not produce severe symp- 
toms at 28°; 25-839 was only moderately susceptible 
at 28°. 


On Jersey Queen, which was moderately susceptible 
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Two sister F. progenies (25-990 and 25-992) of a 


in field trials, there was a gradient of symptom se 2 
verity. symptoms being most severe at 28° and least cross of a plant of susceptible 83-366 with a plant of 
severe at 16° with intermediate levels at 20° and _— resistant Wisconsin All Seasons showed field symptoms 
24° C. This gradient of symptom severity agrees with — typical of the susceptible and resistant parents, respec- 
earlier studies made with this variety (5 tively. In the greenhouse. 25-992 was highly resistant 























t rown (left to right) at 16°, 20 


Fic. 1. Leaves from plants gro 
line 25-844; C, resistant line 2 63-366 showed severe symptoms at all temperatures, whereas the two re- 
oO 


24°, and 28° C. A, susceptible line 83-366; B, resistant 


25-852 Note that 


sistant lines showed symptoms only at 24° and 28 








POUND: 


1952 


Taste l.--lirus concentration in susceptible and resistant 


lines of cabbage g#rown at different air temperatures 
Average number of local lesions 


per half-leaf* with inoculum taken Disease 


Variety from plants grown at index in 
or field 
progeny 6° C. 20°C. 24°C. 28°C. planting’ 
Jersey 
Queen i 21.0 58.9 114.6 51.0 
83-366 6.6 11.4 17.6 22.8 76.7 
25-823 0.1 ZA 5.0 Od 12.8 
25-839 0.9 0.8 1.6 13.1 7.9 
25-850 05 1.9 2.0 181.4 11.6 
25-969 1] 9,2 16.9 161.8 9.6 
83-502 6.5 15.8 16.1 130.1 19.4 
83-509 1.2 a) 6.35 104.4 20.1 


nine half-leaf 
inoculation. 


‘Values given are averages of 
in assays made 30 days after 
should be made between temperatures for each variety. 
' slight; 40 moderate; 60 


replications 
Comparisons 


0 no symptoms: 20 


severe: 80 very severe, 


at 16° and highly susceptible at 28 25-990 


showed severe symptoms at all temperatures. 


progeny 


In one experiment involving six resistant lines, line 
83-366. and Jersey Queen, all infected plants were al- 
lowed to grow at the different temperatures for 60 days 
when plants at 16°. 20°, 24°, 28 
26°, 24 , 20°, and 36° C., 
of the temperature 
symptoms previously shown for that specific tempera- 


were transferred to 
respectively. New growth 


plants at each rapidly showed 


ture, and a complete reversal in symptoms had _ oc- 
showed 


In figure 2 


after Line 83-366. however. 


little response to reversal in temperatures. 


curred 30. days. 
are leaves taken from progeny 25-969 before and after 
temperature reversal. 

When the cabbage black ring virus (8) or the horse- 
radish (HR41) of turnip virus ] 
with virus B and inoculated to the progenies described 


isolate was mixed 
above, almost identical reactions to those described for 


viruses A B were observed. Progenies resistant to 
the A B combination at 16 
the other combinations at 16° C. 


virus A, 


were also resistant to 
Also. as with the 
resistant plants 
developed rather severe symptoms at 28° C., 


25-823 and 25-839. however. as with virus A. 


complex containing these 
Progenies 
remained 
quite tolerant at 28 More necrosis developed at 16 
with the black ring and HR41 isolates than with the 
cabbage A isolate. 

Relation of virus concentration to resistance.—With 
every resistant line tested, there was a close correlation 
between symptom severity and virus concentration. In 
table 1 are the results of one experiment in which line 
83-366, Jersey Queen. and six resistant lines at each of 
the four air temperatures were assayed for virus con- 
centration according to the incomplete block design 
for assays reported in an earlier similar study (4). 
At 28° C. 
and 25-839 were moderate or 


where symptoms for all lines except 25-82% 


very severe. the assays 


showed virus concentration to be very high: and at 


16° and 20° C. 
or no symptoms. the virus concentration was very low. 


where the resistant lines showed few 


MOSAIE¢ 


RESISTANCE $5 


Parte 2. -Relative virus concentration in susceptible and 
resistant lines of cabbage after growing for 30 days at 
16°, 20°, 24°, 28° C. and then for 14 days at 28°, 
24°, 20°, 16° C., respectively 


Average number local lesions per half-leaf 


Variety with inoculum taken from plants grown at: 
or 
progeny i <.* 20° C. 24” €.. Ze” t. 
Jersey 
Queen 1.4 6.6 22.7 26.4 
85-366 10.0 9.9 10.6 19.0 
25-823 0.1 0.6 0.4 1.8 
25-839 0.2 0.4 2.8 12.2 
25-850 0.0 0.4 1.1 20.4 
25-969 0.1 0.3 re 4 12.1 
83-502 0.6 1.2 13.8 32.3 
83-509 2.8 5.1] 9.7 37.0 


‘Plants at 16°, 20°, 24°, 28° had been grown at 28°, 
24°, 20°, 16° C., respectively, for 30 days, at the end of 
which the assays given in table 1 were made. Values in 
table 2 are averages of nine half-leaf replications. Com- 
parisons should be made between temperatures for each 
progeny. 


With most of the resistant lines, resistance was very 
high at 16° and 20° but broke somewhat at 24°; 
breakdown was complete at 28°. However, lines 25- 
823 and 25-839 showed only moderate symptoms even 
at 28° and had a corresponding low level of virus con- 
centration at that temperature. Lines 83-509 and 25- 
850 showed almost complete resistance and had a 
corresponding low level of virus concentration at 24°. 

Temperature were different in Jersey 
Queen and line 83-366 which were used as checks. 
Jersey Queen showed a gradient of virus concentration, 
which increased from low to high temperature and 
corresponded closely with the gradient of symptom 
severity. This has been previously shown for this va- 
riety (5). Line 83-266 was extremely susceptible and 
the number of local lesions obtained in assays did 
not coincide with the severity of symptoms. It is 
thought that some inhibitory action on the virus might 
possibly occur when leaves from this line are macer- 
ated, for it is the only line where symptom severity 


responses 


has not been closely correlated with virus concentra- 
tion. Symptoms for this line are ultimately as severe 
at low temperature as at high temperature (Fig. 1, 
{). A gradient of concentration like that in Jersey 
Queen occurred in assays soon after inoculation, but 
ultimately the concentration differed only slightly from 
low to high temperatures; in some experiments a high- 
er concentration was found at 16° than at 28° C. This 
is the only line of cabbage tested to date that has 
shown this temperature reaction. 

In another experiment. several resistant lines and 
and 28° C. and 
when assays were made each lot was compared with 
83-366 at both temperatures. In these assays the rum- 
ber of local lesions with inoculum from each of the 
resistant lines at 16° was much less than with that 
from 83-366 at 16°, but inoculum from 28° was as high 
as or higher than that from 83-366 at 28°. Also, when 


susceptible 83-366 were grown at 16 
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28° and 16 were compared for each 


line, many more local lesions were obtained with inocu 
Included in 


temperatures 


lum from 28° than with that from 16 


these tests were the two sister F. progenies (25-990 
and 25-992) of a cross between plants of susceptible 
83-366 and a resistant line of Wisconsin All Seasons. 
In symptom expression progeny simi- 
lar to the susceptible parent. w 
resembled the resistant parent. 


25-990 was very 
ereas 25-992 closely 
(Assays showed a cor- 
25-992 had 


none at 16 


responding picture of virus concentration; 
high concentration at 28 
little difference occurred between the 
for 25-990. 


Immediately after the assays in table 1 were made, 


and almost 


two temperatures 


plants were shifted from 16°, 20°, 24°, and 28° to 


28°. 24°, 20°. and 16° C.. respectively. After 14 days’ 


[Vol. 42 


incubation, assays were made again from the new 
The results (Table 2) showed that with re- 
versal in symptoms there was a corresponding reversal 
in virus concentration. However, the virus concentra- 
was considerably lower for all lines than 


growth. 


tion at 28 
in the previous assays of plants at this temperature. 
Several lines were kept an additional two weeks and 
assays then indicated higher virus concentration. 

All of the above experiments were repeated several 
times during a 3-year period and similar results were 
obtained each time. 

Several tests were made of resistant lines inoculated 
In every test the resistant lines 
but moderate to 


\ alone. 
showed few or no symptoms at 16 
severe symptoms at 28°; the virus concentration was 


with virus 


very low at 16° and very high at 28° C. 
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Fic. 2. 
spectively. 
peratures were reversed to 2 
in reversal of symptoms 


rown for 60 days at thei 
8° 24°, 20°, and 16 


A, from plants 


Leaves from mosaic-infected plants of resistant 25-969 grown at 16°, 20°, 24°, and 28 
respec ive 


C., left to right, re- 


temperatures: B, from same plants 30 days after tem- 


C., left to right, respectively. Note that reversal of temperature resulted 
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Concentration assays were not made for the cabbage 
black ring or horseradish viruses. 

A test was made to determine whether cabbage 
leaves from resistant lines grown at 16° C. contained 
some inhibitor not present in leaves from the same 
lines grown at 28°. To aliquots of inoculum taken from 
Nicotiana glutinosa L. were added equivalent amounts 
of extract of healthy leaves of resistant lines grown 
for 30 days at 16° and at 28° C. Other aliquots of the 
virus inoculum were diluted to the same extent with 
a neutral buffer for a standard check. Each sample 
containing cabbage tissue was compared with the 
standard check in half-leaf inoculations to tobacco. 
The standard inoculum had 1 gm. of infected tissue 
in 10 ml. and the other treatments had an identical 
amount of infected tissue plus 1 gm. of cabbage tissue 
in 10 ml. The results obtained with two lines (25-844 
and 25-969) indicated that resistance could not be 
explained on the basis of an inhibitor. In progeny 25- 
844, the addition of cabbage sap from plants grown at 
28° to the standard inoculum resulted in a reduction 
of 69.7 per cent in the number of local lesions; the 
addition of sap from plants grown at 16° to the stand- 
ard inoculum reduced the number of local lesions by 
65.5 per cent. With progeny 25-968 the reductions were 
50.1 and 48.4 per cent for 28° and 16°, respectively. 

DISCUSSION. 
that resistance to the cabbage A component of the mo- 


In a previous paper (7) it was shown 


saic disease did not necessarily function as such for 
the B virus component. Although most resistant lines 
are markedly resistant to both viruses, some that are 
resistant to the virus A component develop severe late- 
season chlorosis from infection with the B virus (7). 
In these studies the presence of the B virus did not 
alter the relationship of virus A to the expression of 
resistance, since the same effects were obtained with 
virus A alone as in combination with virus B.  Al- 
though the symptoms of the two viruses together are 
more severe than those of either virus alone (5), es- 
pecially at high temperatures, it is believed that the 
virus A component is much more important in the 
symptom syndrome than virus B. It also is believed 
that certain genes which function for resistance to 
virus A must also tunction for resistance to virus B, 
because symptoms of the latter virus in resistant lines 
are much milder than in susceptible varieties such as 
Jersey Queen. The genes governing the expression of 
the late-season chlorosis induced by virus B must be 
independent of those related to susceptibility to other 
phases of the disease. 

Data herein show that the resistant lines of cabbage 
readily become infected with virus A and would be 
expected to develop moderate to severe symptoms only 
when mean daily temperatures exceed 80° F. Since 
this seldom happens in cabbage-growing areas, this 
breakdown of resistance at high temperatures is of lit- 
tle practical importance. It explains, however, slight 
seasonal fluctuations in symptoms expressed by resist- 
ant selections. It is interesting that the temperature at 
which this polygenic resistance becomes nonfunctional 
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is very close to that at which the polygenic resistance 
to Fusarium yellows also becomes nonfunctional. 

The relation of air temperature to expression of re- 
sistance is, in fact, the relation of air temperature to 
the activity of the virus in the host. High virus con- 
centration in the resistant lines was almost always 
correlated with severe symptoms. When temperatures 
were reversed so as to bring about a reversal in symp- 
toms, a corresponding reversal in virus concentration 
occurred. All but one or two of the resistant progenies 
tested showed severe symptoms and high virus concen- 
tration at 28° and few or no symptoms and low virus 
concentration at 16°. Progeny 25-823, however, in 
several trials never developed severe symptoms at 28° 
and assays always indicated a very low level of virus 
concentration. Whether 25-823 has some factors gov- 
erning its response to temperature other than those in 
sister lines or whether it may have a greater number 
of resistant genes is not known. Jersey Queen, a mod- 
erately susceptible variety, showed a gradient of virus 
concentration corresponding with the gradient of symp- 
tom severity at the different temperatures. Line 83-366, 
however, an extremely susceptible line at all tempera- 
tures, never had a virus concentration comparable to 
the severity of symptoms. 


SUMMARY 


Progenies of cabbage highly resistant to the mosaic 
disease have expressed this resistance under artificial 
inoculation only at 24° C. or below. At 28° C. infected 
plants develop severe symptoms. Assays of concentra- 
tion of the cabbage A component of the causal virus 
complex indicated a close correlation between symp- 
tom severity and virus concentration. At 16° and 20° 
C., where resistance was very high, the virus was pres- 
ent in very low concentrations; at 28°, where symptoms 
were severe, the virus concentrations were very high. 
Intermediate reactions usually ocurred at 24°. Revers- 
ing the air temperatures from 16°, 20°, 24°, and 28° 
to 28°, 24° 20°, and 16°, respectively, led to corre- 
sponding changes in symptoms and virus concentra- 
tions. 
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\ STRAIN OF AGROBACTERIUM TUMEFACIENS! 


J. B. Demaree and N. R. Smith 


Galls on the aerial portions of blueberry plants have 
Although they are of 
minor importance in cultivated fields. they have been 


been known for many years. 


observed frequently in nurseries. In one nursery in 
New Jersey visited by the senior author, they were 
sufficiently abundant to cause the owner considerable 
apprehension. 

This paper reports the results of observations of 
blueberry galls and studies extending over several 
years, and the isolation and description of the causa- 
tive organism. 

OcCURRENCE AND DESCRIPTION OF THE GALLS.—One 
of the earliest records of galls on blueberries was a 
Coville in 1914 in 
A gricul- 


Later. Brown(2). in a study of 


photograph taken by the late F. V. 
the greenhouses of the U. S. Department of 
ture, Washington, D. C 
the etiology of tumors on a number of woody plants, 
including blueberry, was unable to isolate a bacterium 
pathogenic to blueberry. but by long sterilization of the 
gall surfaces with 1:1000 mercuric chloride she ob 
tained many pure cultures of the fungus Phomopsis. 
Because inoculation of the blueberry with this fungus 
was said to cause galls, the disease has been called the 
“phomopsis gall” since that time 

In the present work. galls were collected in New 
Jersey, New York. Michigan. Washington. and British 


Columbia. Usually they were on branches and small 
twigs, but sometimes they occurred at the base of the 
canes near the ground line. None has ever been ob- 


served on the root system. Although the gross appear- 
ance of the galls varied somewhat. they usually were 
black or dark brown. rough. and hard. They formed 
as single globose structures pea-size and larger, or as 
globose or elongated excrescences due to one gall 
Sometimes the entire circumfer- 
ence of the shoot was involved. Galls from Washing- 
ton and British Columbia were of the elongated form 
(Fig. 1, C) more often than those in the East. 

That the causative organism is perennial is indicated 
by new galls that sometimes break through the cortex 


growing into another. 


either above or below the old ones formed during the 
previous growing seasons, suggesting that the organism 
has spread along the cambium or sap-conducting tis- 
sues. Affected branches and twigs often die. No evi- 


1Accepted for publication October 6, 1951. 


dence of bud proliferation has been observed on this 
type of gall. This lack of proliferation distinguishes it 
from the blueberry tumor caused by a species of Ac- 
tinomyces. as reported by Demaree(3). 


THE BLUEBERRY ORGANISM.—/solation and patho- 
genicity.—In 1946 the senior writer collected in a bad- 
ly affected nursery in New Jersey several galls which 
appeared to be identical with the so-called phomopsis 
valls. Some of the young outgrowth was crushed and 
used to inoculate succulent blueberry seedlings by the 
needle-prick or incision method. In about 10 days, 
swollen tissues developed around each inoculation and 
eventually typical galls resulted. This crude experi 
ment showed that the infective agent was readily trans- 
missible. 

An attempt was then made to isolate pathogenic or- 
ganisms from young galls. The surfaces of the galls 
were sterilized with 1:1000 mercurie chloride and 
pieces of tissue were cut aseptically from the inside 
and planted on nutrient agar slopes. Growth occurred 
in most of the tubes and six were selected as being 
representative. Of these. four were fungi and two were 
bacteria. Although admittedly the cultures probably 
were not pure, each of them was inoculated into 
young blueberry plants. None of the fungi produced 
galls but both bacterial cultures, BCG5 and BCG6, did. 
The latter were plated in the usual manner and three 
colonies of BCG5 and two (one yellow and one white) 
of BCG6 were selected for further testing for patho- 
genicity. Only BCG5Y and the white strain of BCG6 
caused galls (Fig. 1. A). Subsequently another patho- 
genic bacterial culture, W6. was isolated from a gall 
on a blueberry plant grown in Washington. This 
culture differed from the others in certain minor re- 
spects. 

Specificity.—Over about 5 years a large number of 
blueberry plants were inoculated with culture BCGSY. 
Cultures BCG6 and W6 also were used to some extent. 
but since there were no essential differences in patho- 
genicity among the three cultures. only one was used 
in most tests, in order to reduce the amount of work; 
an adequate number of inoculations was always made 
and controls were kept at all times. Occasional failure 
of gall development following inoculation with the 
pathogen might be attributed to the use of plants in 
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Tas_e 1.—Pathogenicity of the blueberry-gall organism and 

of apple and peach strains of the crown-gall bacterium, as 

indicated by development of galls on several plant genera 
including blueberry 


Gall development* when inoculum was 

from: 
Plant inoculated Blueberry Apple Peach 
Aste! : +--+ fo af oJ 
Azalea + 0 0 
Blueberry of tape eae 0 0 
Castor bean 1. t.ho oh eee 
Impatiens 0 } = 
Kalanchoe 0 Rciicail baste od 
Olive 0 0 0 
Peach Riv ae ae 
Raspberry A. 4 + 
Tomato A. ae | oe eee 
Vinca 0 ith 


follows: o. 
+, slight; ++-4. 


--, no inoculations made. 


‘Symbols indicate the development of galls as 
?, questionable; +, very slight; 


t.. extensive: 


none; 
moderate; 4 


the hardwood stage. or to some error in manipulation. 


Since a large number of inoculations was made over a 
long period, only a summary of the results is given. 
Since a preliminary survey of the cultural characters 
of the blueberry might 
be related to, if not identical with. the crown gall bac- 
terium, (Smith & 


latter- were 


gall organism suggested that it 


{grobacterium tumefaciens Town- 


send) Conn (1). two strains of the used 
in parallel inoculations on adequate numbers of sev- 
(Table 1) that blue 
berry was the favorite host for the blueberry organism. 
only slight gall formation taking place on peach, 


slight on 


eral plants. The results show 
very 
tomato. 
impatiens, kalan- 
strains of 


azalea, castor bean. raspberry. and 


and questionable or none on aster, 


choe, olive. and vinca. In comparison, the 
gall formation being 


kalanchoe. 


raspberry and 


{. tumefaciens were very active, 


moderate or extensive on aster. castor bean, 


peach, tomato, and vinea, very slight on 
impatiens, and absent on azalea, blueberry, and olive. 
Galls 


rapidly growing shoots, 


formed on blueberry plants only when the 


young leaves. and buds were 


injured and then inoculated with the pathogen. Ex- 


cised shoots inoculated at the stub end formed galls 
(Fig. 1. B): this suggested that the 
spread in the field or nursery 


pruned or softwood cuttings are made. 


organism may be 
plants are 
Spraying with 


when the 


a suspension of the organism was without effect. 


Of special interest was the lack of any reaction of 
kalanchoe to the blueberry organism. the wounds made 
of inoculation having healed promptly 
Both strains of A. tume/factens, 
(Fig. 2, A, B). 


Numerous unsuccessful attempts were made to cause 


at the time 
(Fig. 2, C). 


caused large 


however. 


tumors 


galls on blueberry by inoculating it with the apple and 


peach strains of A. tumefaciens. This corroborates 

“Apple strain, No. 671, isolated by E. A. Siegler, for- 
merly pathologist, U. S. Department of Agriculture; and 
peach strain, No. 176, in the junior writer's collection, from 
N. A. Brown in 1928. 
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“a 


B 


Fic. 1. Galls on blueberry caused by A grobacteriuni 
tumefaciens. A, artificial infection with culture BCGSY. 
B, ends of excised shoots inoculated with isolate shown in 


AM 






A 





. natural infection. 


the results obtained by Brown (2). who failed to in- 
fect blueberry with strains of the crown-gall pathogen 
hop, and dahlia. 


from peach, raspberry. 


The galls on blueberry caused by the blueberry 
pathogen highly resemble abnormalities induced by the 
The simi- 
with the 
seems to sug- 
{. tumefaciens 


crown-gall organism on certain other plants. 
larity of the cultural characteristics, 
differences in pathogenicity (Table 1). 
vest that the is either a strain of 


together 


isolate 





A B Cc 


Fic. 2. Results of inoculating stems of kalanchoe (A) 
with Agrobacterium tumefaciens, apple strain No. 671; (B) 
with Agrobacterium tumefaciens, peach strain, No. 176; 
and (C) with the blueberry organism BCG5Y. D, control; 
injured but not inoculated. 


D 
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or a variety of it. Since certain hosts, however, 
are affected by both the blueberry and the typical 
crown-gall organisms, it has been thought best to con- 


sider the blueberry 


new 


pathogen merely a strain of A. 

tumefaciens. 
Description—A comparative study was made of the 

eastern and western 


(BCGS5SY and W6) 


and of two strains (apple and peach) of the typical 


morphology and physiology of th 
strains of the blueberry organism 
In certain characters there were 
Such 


) placed at the 


crown-gall organism. 
disagreements among the four cultures. char 
acters are indicated by an asterisk (* 
beginning of the paragraph. 

* Rods: 0.3-0.6 1.5-3.0 


pairs, old cells very granulai 


occurring singly or in 
Capsules demonstrable 
Motile, 1 to 3 
(The rods of the apple and 
than those of 


on potato-peptone-yeast-mannitol agar. 
flagella. 
peach strains were about 0.2 


Gram negative. 
wider 
the blueberry strains. ) 

Nutrient agar colonies: Small. round. not distinctive. 
and slow-growing. 

Nutrient agar slants: Growth slow. poor. 

* Glucose-nutrient agar slants: Growth scant. ( Abun 


dant growth with the apple and peach strains. ) 


Glucose-nitrate agar slants: Growth abundant 
heaped. 

* Glucose-asparagin agar slants: Good ribbon 
growth, acid produced. \n alkaline reaction was 
produced by the apple and peach strains. ) 


* Soybean agar: Growth abundant. raised. and soft 
(Eastern strain did not grow 

Potato-peptone-yeast-manitol agar: Abundant. white. 
soft. and raised growth. 


Potato: Growth scant. not distinctive 


* Milk agar plate: Very abundant, heaped, and 
slimy growth in 10 days: moderate zone of hydrolysis 


(Eastern strain did not hydrolyze the 
casein, although milk in tubes was slowly digested. ) 
Reduction of nitrate to Negative 


times a weak nitrite test was obtained. ) 


of the casein. 


nitrite (Some 


Fermentation reactions: With ammonium phosphate 
as the source of nitrogen. acid. but no gas. from arabi- 
nose, xylose. glucose. lactose. sucrose. glycerol. and 
mannitol. 

Starch hydrolysis: Positive: narrow zone of hydroly 


sis. 
Citrate utilization: Positive 
Negative. 


acetvlmethylearbinol: 
broth 


Production of 
(Scant, if any. growth in the 
Temperature relations: Optimum temperature about 


28° C.; 


no growth at 37° ¢ 


* Absorption of Congo red: Positive (On potato 
peptone-yeast-mannitol agar. Congo red was absorbed 
poorly by both blueberry strains. but very well by the 


peach and apple strains. ) 


* Vitamins and amino acids*®: Growth in a vitamin 


free basal medium (4 (Eastern strain required bio 


A cri ul 


determinations, 


3M. P. Starr, University of California College of 


ture, Davis, California, kindly made these 
f..] 


for which the writers are very grateful, 
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\ better growth re- 
sulted if amino acids were added also.) 

The nutritional requirements of the 
eastern strain of the blueberry pathogen resembled 
{grobacterium rubi (Hildebrand) Starr & 
Weiss, except that pantothenate was not required. The 
tume- 


tin and nicotinic acid for growth. 
DIscUSSION, 
those of 


western strain, on the ether hand. was like A. 
faciens. This situation is confusing and can be clari- 
fied only by a more intensive study of numerous iso- 
lates from blueberry galls and comparison of these 
with a like number of strains of A. Starr (4) 
has “never been convinced that a difference in nutri- 


rubi. 


tional requirements alone is a good way to separate 
with him and 
do not. therefore. attach any real importance to the 


species of bacteria.” The writers agree 
difference in the vitamin requirements of the two iso- 
lates, but place emphasis on the ability to form galls 
on blueberry. Whether additional isolates from similar 
have the 


would characteristics as the 


blueberry strains studied cannot, of course, be stated. 


sources same 


Due consideration must always be given to the factor 
of variation among strains of any species of bacterium. 
SUMMARY 


Two strains of a bacterium from galls on blueberry. 
identical with attributed to the 
fungus Phomopsis, were isolated and studied.  Al- 


thought to be those 
though slightly different from each other physiologi- 
cally, the two strains may be considered to belong to 


the same species. 


The blueberry organism repeatedly caused large 
valls when inoculated into the meristematic tissue 
of blueberry plants but consistently failed to cause 


galls on kalanchoe. and gave questionable results on 


aster. Two strains of Agrobacterium tumefaciens 
(apple and peach), on the other hand. failed to cause 
overgrowths in blueberry but produced large ex- 
crescences on kalanchoe and aster. 

Culturally. the blueberry organism resembles rather 
closely the apple and peach strains of A. tumefaciens. 
This. together with the fact that all three strains pro- 
duced small galls on certain plants, leads to the con- 
that strains of the 


same species. 


clusion they should be considered 


No evidence was found that blueberry gall is caused 


by the fungus Phomopsis. 
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THE PRODUCTION AND ROLE OF ANTIBIOTICS IN THE SOIL. 


Il. 


CHLOROMYCETIN ! 


David Gottlieb and Paul Siminoff 7 


The theoretical and practical significance of the 
production and activity of antibiotics has been dis- 
cussed in the initial paper of this series (13). Our 
previous studies have indicated that because of the 
diverse chemical of gen- 
eralizations on this question must be postponed until 


structures such materials, 
the relationship between many antibiotics and the soil 
has been elucidated (2, 3. 12. 13). Apparently anti- 
biotics can be divided into three groups on the basis 
of their ionic dissociation: 1) basic antibiotics, com- 
pounds that are strongly bound and inactivated by the 
soil complex, e streptomycin and_ streptothricin: 
neutral antibiotics. compounds that are weakly 


rs 
2) 
bound and retain a relatively high degree of activity 
in the soil, although considerably less than in nutri- 
ent broth, e.g.. chloromycetin and actidione: and 3) 
acidic antibiotics, compounds that, particularly when 
in the form of the acid ion, fall in an activity range in 
the soil between that of the basic and neutral antt- 
biotics. e.g.. This is not a rigid classifica- 
tion, however, both 
basic and acidic properties and the proportion of the 
functional groups will determine the final properties. 
their dissociation would be affected by 
the hydrogen-ion Another 
feature which must be considered is the effect of the 
Such popu- 


clavacin. 


since some materials will have 


Furthermore 
concentration of the soil. 
normal soil microflora on the antibiotic. 
lations could, as in the case of streptomycin, decom- 
pose the antibiotic and thus vitiate the inhibitory ef- 
fect of its production on the soil microflora (10). 

The investigations reported in this paper deal with 
the production and fate in soil of the neutral anti- 
biotic. chloromycetin. This substance is synthesized 
by the soil-inhabiting actinomycete Streptomyces vene- 
zuelae, and is active against many bacteria. both Gram 
negative and Gram positive. The structure of chloro- 
mycetin has been identified as D(—)threo-1-p-nitro- 
phenyl-2-dichloracetamido-1.3-propanediol (11). The 
existence of an aromatic nitro group in the molecule 
makes this antibiotic unique among compounds nat- 
urally produced by living organisms and has been 
extremely useful in the identification and quantitative 
determination of the substance in complex systems 
such as soils. 
the 
not 


studies have shown that. unlike 
streptomycin. chloromycetin 
The antibiotic can be ex- 


There- 


Preliminary 
antibiotic 


hasic is 
greatly inactivated in soil. 


tracted from soil after it has been adsorbed. 


' Accepted for publication October 10, 1951. 
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fore, if chloromycetin is produced in the soil, it should 
be detectable by chemical and biological methods. 
Furthermore, if sufficient quantities are produced in 
soil, this production should be reflected in the decline 
of a susceptible microorganism. As seen in labora- 
tory studies, the synthesis of this antibiotic depends 
upon the type of nutrients supplied. The addition to 
the soil of organic and mineral fertilizers, a common 
agricultural practice, might stimulate antibiotic for- 
mation. However. the very large and highly diversi- 
fied population of microorganisms in normal soils 
could, conceivably. hinder the growth of the anti- 
biotic producer. Important, the question 
whether chloromycetin can remain unchanged in the 
presence of this diverse microflora, for, even if pro- 
duced, it might be metabolized by some of the bac- 
Finally, the presence 


too, Is 


teria, fungi, or actinomycetes. 
of chloromycetin in soil could give rise to changes in 
the composition of the soil’s microflora which might 
upset its prevailing biodynamics. These viewpoints 
formed the bases for the studies on the production 
and role of chloromycetin in soil. 

Metuops.—Soil competition studies involving the 
effect of Streptcmyces venezuelae on Bacillus subtilis 
in sterile unamended soil were carried out in substan- 
tially the same way as in the first paper of the series 
(13). Of the many organic solvents tested, methanol 
proved the most efficient for recovering chloromycetin. 
Soils containing water at 60 per cent of their moisture- 
holding capacity were extracted three times on a re- 
ciprocal shaker with 25 ml.. 15 ml., and 10 ml. of 
methanol, for 25 min., 15 min., and 10 min., respec- 
tively. The extracts were then filtered under suction 
through two layers of filter paper (Whatman No. 1) 
Buchner funnel and the residues washed three 


on a 
times with methanol. The filtrates were then evap- 
orated to dryness in a forced-draft oven at 70° C. 


Finally the dry residue was taken up in 5 ml. of 10 
per cent methanol and assayed for chloromycetin. 
This elution technique recovered 70 to 80 per cent of 
the antibiotic contained in the soil and will be referred 
to as the methanol-wet soil method. 

Procedures used to determine chloromycetin in the 
1) A bioassay with Pasteurella 
avicida test organism: medium, Difco 
brain-heart infusion broth containing 1.5 per cent 
agar, adjusted to pH 6 with 1ON HCl; detecting 2 to 
A bioassay with 


soil extracts were: 


seeding 


as 


10 pgm. chloromycetin per ml. 2) 
B. subtilis as test organism: seeding medium, nutri- 
ent agar adjusted to pH 6; detecting 10 to 100 ygm. 
per ml. (Standard paper-disc methods were used for 
both bioassays. ) A chemical assay (colorimetric 
determination) adapted by us to the soil studies, fol- 


3) 
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lowing the method of Bessman and Stevens but omit- 
ting protein precipitation; detecting 2 to 100 ugm. 
per ml. 

To account for the long delay in the appearance of 
mixed cultures. the effect on 
population of B. subtilis in 


chloromycetin in the 
chloromycetin of a large 
soil was studied. One ml. of a washed suspension of 


B. subtilis was added to each of a number of flasks 


containing 20 gm. of sterile clay-loam soil. The 
flasks were then incubated for 18 days at 28° C.. to 


obtain a population of cells of the bacillus nearly 
equivalent to the numbers found in the competition 


studies. Duplicate flasks were plated out on both 
plain Difco nutrient agar and agar containing 10 
ugm. of chloromycetin per ml. This gave the popu- 


lation density in the soil and also the number of cells 
resistant to at least 10 ugm. per ml. of the antibiotic. 
Of the remaining flasks. two were set aside as 
controls of B. subtilis. Flasks in one set were auto 
claved for 1 hr. to kill the bacterium: the others re- 
flasks were then divided 


crowth 


tained the viable cells. The 
for treatment with 10 ygm. and 15 wgm. of chloro- 
Three flasks trom each treat- 


ext icted for 


mycetin per gm. of soil. 


ment were immediately determination 
of recoverable antibiotic at 0 days. All soils were 
incubated for 8 davs after the addition of the chloro- 
mycetin and then analyzed for the antibiotic and for 
the number of cells of B. subtilis. 


To study the effect of the microflora in normal air- 


dried, dark prairie soil, the antibiotic was added in 


20-gm. amounts to 125-ml. Erlenmeyer flasks: it was 


brought to optimal moisture content and incubated 


for 12 days to develop an active soil population and 
the numbers of bacteria. actinomycetes. and fungi were 


then determined by plate counts. Sodium asparagin- 


+ 


ate-glucose agar was used as the plating medium fon 


the actinomycetes and_ bacteria Immediately after 


autoclaving. 100 ugm. of actidione per ml. of the agai 
The soil fungi 


were added. to suppress the fungi (9). 


were counted on standard peptone-glucose agar to 
which was added rose bengal to a final concentration 
of 1:15.000 (6). 


ant organisms was also determined by 


The number of chloromycetin-resist- 
plating the 
soils on the appropriate agar amended with 10 ugm. 
of chloromycetin per ml. Obviously the concentra- 


selected was purely arbitrary 


tion of the antibioti 
and was not an absolute standard of resistance. Popu- 
lation changes in both the treated and untreated soils 


were estimated at 0-. 7-. and 14-day intervals. 


A number of flasks was left untreated as soi! con 
trols. Half of the remaining flasks were autoclaved 
to provide sterile controls. lo these sterile controls 
and the nonsterile soils were added 50 u.gm. of sterile 
chloromycetin per gm. of soil. The soils were analyzed 


for recoverable chloromycetin by both chemical and 


3 The medium consists of: sodium asparaginate, 1.0 gm.: 
glucose, 1.0 gm.: (NH;)2SO;, 1.0 gm.; KH2PO,, 1.5 gm.: 
MgSO, -7H:0, 0.2 gm.; CaClo, 0.1 gm.; FeCls, trace: agar, 
20 gm.: distilled water, 1000 ml The medium is adjusted 


to pH 6.8 with 1ON NaOH 
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biological assays at the end of 0, 1, 3, 7, and 14 days, 
By this technique it is possible to detect intermediate 
breakdown products of chloromycetin, for the bio- 
assays determine the total active antibiotic and the 
colorimetric assay determines both aromatic nitro and 
amine compounds. The value for reducible nitro 
compound minus that for total active chloromycetin 
measures the inactive nitro fragments. A decrease in 
active antibiotic and a corresponding appearance of 
aryl amines indicated a reduction of the antibiotic to 
the corresponding amine. 

Resutts.—I/nteraction of chloromycetin with clays 
and soils—Concentrations of chloromycetin as high 
as 25 ugm. per mgm. of clay did not flocculate either 
a bentonite or an illite clay, nor was adsorption indi- 
cated by an alteration of the light-transmitting power 
(12). Between 
concentrations of chloromycetin of 5 and 25 ugm. per 


of bentonite under such conditions 


mgm. the maximum adsorption by either clay was 
An X-ray diffraction picture 
of a chloromycetin-treated bentonite showed no spread 
of the crystal lattice, the clay treated with the anti- 
biotic showed an 00] spacing of 12.4 
with 13.0 A for the untreated clay. In light of this evi- 
dence it is probable that even though a small amount 


about 1 ugm. per mgm. 


A as compared 


of the antibiotic could be adsorbed by clay. a valency 
bonding did not take place. 

The picture presented by the adsorption of chloro- 
mycetin by a dark, heavy prairie soil is somewhat ob- 
scure. If we assume a clay loam contains at least 20 
per cent clay, then 1 gm. of the soil contains 200 
mgm. of clay. The predominant clay type of the soils 
in the Illinois area is illite, which will remove from 
aqueous solution 1 ygm. of chloromycetin per mgm. 
of clay. Therefore. if 1 gm. of soil contained 200 
mem. of illite it should remove 200 ugem. of chloro- 
mycetin from solution. But this was not the case in 
actual test. At concentrations in aqueous solution 
as low as 5 ugm. per gm. of soil, small amounts of 
chloromycetin could be recovered after such solutions 
of the antibiotic were shaken with soil for 2 hr. (Fig. 
1). Recovery was between 5 and 20 ugm., a little 
more than 20 per cent. At concentrations greater 
than 20 ugm., recovery was about 35 per cent. Ap- 
parently, the clay fraction is not a particularly im- 
portant factor in chloromycetin uptake by soil. 

Over the general range of concentrations of chloro- 
mycetin from 5 to 100 ygm. per gm. of soil, 50 per 
cent methanol will elute approximately 65 per cent, 
and the methanol—wet-soil procedure from 70 to 75 per 
cent. of the antibiotic added. Since 35 per cent is 
recoverable from water, the difference between the 
amount actually eluted and the amount which could 
represents the extraction 
(Fig. 1). For 


example, at 100 ugm. of chloromycetin per gm. of soil, 


be recovered from water 


eficiency of the two solvent systems 


50 per cent methanol will extract about 46 per cent of 
the antibiotic adsorbed 
the methanol—wet-soil procedure will extract 54 per 


from aqueous solution and 


cent of the adsorbed antibiotic. 
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tad | o——® WATER 
o—s 50% METHANOL 
a——4 METHANOL WET-SOIL 


CHLOROMYCETIN EXTRACTED, uG. PER GM 





80 100 


20 40 60 


CHLOROMYCETIN ADDED, wG. PER GM. 


The extraction of chloromycetin from. soil. 


added to soil, inhibits the 
Two weeks after the bacteria 


Chloromycetin. when 
growth of B. subtilis. 
were added to control soils they had multiplied to 
27 < 10° viable cells per gm. of soil. Under similar 
conditions, at concentrations of 5 and 10 ygm. of 
chloromycetin per gm. of soil the populations were 





STERILE SOIL 


NONSTERILE SOIL 


CHLOROMYCETIN RECOVERED, ywG.PER GM 


+ BIOLOGICAL ASSAY 
CHEMICAL ASSAY 


j 
P| woth i - 2 


1 3 7 
DAYS 
Fie, 2. The degradation of chloromycetin in a “normal” 
soil. Initially 50 uem. per gm. of soil were added. 


11.4 & 10° and 9.3 10° respectively; these differ- 
ences are statistically significant at the 1 per cent level. 
Growth is prevented entirely at 15 ygm. per gm. of soil. 
Since the soil had been air dried, the 5 ml. of water 
which had been added to each 20-gm. sample can be 
not bound. The 5 ml. of 
water contained 300 ygm. of chloromycetin when the 
antibiotic was added at the level of 15 ygm. per gm. 
of soil. This is the minimum required to prevent the 
growth of B. subtilis in soil. Therefore. in terms of 
soil solution the concentration is 60 wgm. of chloro- 
mycetin per ml. of soil solution. B. subtilis is usually 


considered as free water, i.e., 


inhibited by 1 ygm. of chloromycetin per ml. of a 
nutrient broth, but in the soil 60 ygm. per ml. were 
required; the bacterium was 60 times less sensitive 
in soil than in broth. Thus, even in the case of a 
neutral antibiotic which is not greatly adsorbed, the 
soil exerts a considerable protective effect. 

chloromycetin in soil.—Although 
several instances of antibiotic formation in soils have 


Production of 


been reported, the formation of such materials was 
dependent upon the addition of various supplements 
No data were obtained for their produc- 
tion in normal soils. Another important factor is 
the lack of evidence for the identity of the inhibitory 
material in the soil with the known antibiotic (4, 8). 
This inability to demonstrate the production of anti- 
biotics in untreated soils might lead to the conclusion 


to the soils. 


that antibiotic formation is not a feature of the normal 
metabolic patterns of the microorganisms, but that 
it is rather an aberrant phenomenon, occurring on 
enriched substrates but not under the prevailing nu- 
tritional environment of normal soil. 

The data in tables 2 and 3 show that S. venezuelae 
is capable of producing an antibiotic in soil which 
had been sterilized previous to its infestation with 
the actinomycete. This material was produced even 
in the presence of at least one other organism, the 
sensitive bacterium B. subtilis. Chloromycetin was 
detected in soil 1) when the actinomycete was added 
to soil 14 days prior to, 2) simultaneously with, and 
3) 14 days after addition of the bacterium. The 
amounts of antibiotic extracted varied from 0.5 wgm. 
per gm. of soil to slightly more than 1.0 ygm. When 
only S. venezuelae was present the antibiotic was al- 
ways detected much earlier than in the mixed cultures. 

Competitive effects between S. 
subtilis in soil——-Whether introduced into the soil 
cultures before, simultaneously with, or after S. vene- 


venezuelae and B. 


zuelae, B. subtilis was not seriously inhibited (Table 
1). When introduced simultaneously with the acti- 
nomycete, the bacterium grew relatively slowly during 
the first 36 days of incubation; growth in mixed cul- 
ture was about 60 per cent of that in the control 
Nevertheless, the 
number of viable cells incressed steadily from a popu- 
lation of 630,000 to 255 million per gm. of soil. At 
the end of 98 days. the bacterium grew as well in 


which contained only B. subtilis. 


the presence of the antagonist as it grew alone (Table 
1. Sec. I). 
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The production of chloromycetin and the com 
venezuelae and 


TAcLeE 1. 
petitive interaction of Streptomyces 
Bacillus subtilis in soil 


Number of cells 
10 chloro- 


per gm. 
Treatment," mycetin 
and day of B. sub S. vene extracted 

sampling tilis Zue (yam./gm.) pH 

I. Both organisms introduced simultaneously 
A. 0 0.63 5.90 
7 157.0 5.7( 
20 275.0 3.40 
36 264.0 5.53 
98 220.0 5.65 
B. 0 2.0 5.90 
7 pahas 0.0 5.97 
20 28.5 0.0 5.10 
36 18.2 0.58 9.45 
93 168.0 0.50 9.79 
_ 0 0.63 0) 5.90 
7 95.0 58.8 0.0 9.09 
20 131.0 13.8 0.0 9.29 
36 169.0 710.0 0.0 5.68 
98 255.0 925.0 0.50 5.75 


Il. Bacterium 
before the 


introduced 14 day 
actinomycete 





A, 0 255.0 0 
7 360.0 20 
20 257.0 5.65 
65 280.0 9.70 
100 225.0 9.65 
B. 0 0.39 5.90 
7 5.5 0.0 5.05 
20 18.2 1.12 5.60 
65 62.5 0.50 9.63 
100 945.0 0.82 9.85 
Cc. 0 255.0 0.39 5.70 
7 380.0 53.0 0.0 5.25 
20 999.0) 209.0 0.0 5.70 
65 255.0 90.0 0.0 5.65 
100 280.0 975.0 0.8 9.09 
Ill. Actinomycete introduced 14 days 
before the bacterium 
A. 0 0.18 5.90 
7 160.0 9.20 
20 73.0 5.68 
65 230.0 5.58 
100 205.0 5.80 
B. 0 38.7 0.0 5.45 
7 12.0 0.0 5.05 
20 37.0 0.0 5.63 
65 30.0 0.50 5.45 
100 1230.0 0.79 9.78 
e. 0 0.18 38.7 0.0 5.45 
7 3.8 9.0 0.0 5.03 
20 10.4 36.8 0.0 5.65 
65 155.0 80.0 0.0 5.63 
100 155.0 1230.0 0.60 5.83 
*A,. B. subtilis control: B. S. venezuelae control: C, B 


subtilis plus S. venezuelae. 


When before the antagonist. 
B. subtilis grew as well in the mixed cultures as it 
did in the control (Table 1, Sec. II). 
a high point of growth was reached in 7 days after 
introduction of the actinomycete. the population of 


There- 


introduced into soil 


In both cases. 


the bacterium reaching 36 to 38 million cells. 


after the population leveled off to between 22.5 and 
28 million cells at the end of 100 days. 

The bacterium grew only slowly when forced to 
compete with an already established population of 
S. venezuelae (Table 1, Sec. HL). but no real inhibi- 
tion took place. After 14 weeks’ growth, the bacterium 
reached a population of 15 million cells in the mixed 
culture as compared with 20 million in the control. 
Statistical analysis indicated that this difference of 
5 million cells was not significant. The rate of growth 
of the bacterium was most rapid during the first 7 
days of incubation; the population increased twenty- 
fold. Thereafter, the weekly increase was approxi- 
mately threefold until, after 65 days, growth leveled 
off at about In all three groups, 
the maximum growth of B. subtilis in the controls 
was achieved after approximately a 3-week incuba- 


15.5 million cells. 


tion period. 

In all three experiments, the growth of S. venezue- 
lae in the controls was characterized by a slow, fluc- 
duriag approximately the first nine 
This in- 


tuating increase 
weeks of incubation, then a sharp increase. 
crease occurred much earlier in those experiments in 
introduced either simul- 
taneously with or 14 days before the 
(Table 1, Sec. I, IL), and seems to be correlated with 
a large population of B. subtilis. The possibility 
that the bacterium decomposes some constituent of 
the soil which can be attacked only very slowly by 
actinomycete 


which the bacterium was 


antagonist 


S. venezuelae, thereby providing the 


with nutrients which stimulate its growth, is sup- 
ported by the fact that the stimulation of the actino- 
mycete was not pronounced in those mixed cultures 
where B. subtilis was slowly establishing itself against 
an already established population of the antagonist 
(Table 1, Sec. III). 


to produce an active antibiotic in the soil, S. venezuelae 


In any case, despite its ability 


was not as good a competitor as S. griseus (12). 


The effect of fertilizers on chloromycetin produc- 
tion in soil.—Because of the extremely small amounts 
of chloromycetin produced by S. 
cultures, it seemed likely that nutritional factors were 

could be in- 
This hy pothesis 


venezuelae in soil 
limiting and that the production 
creased by appropriate fertilizers. 
is not unrealistic since, through agronomic practices 
and natural processes, animal and plant residues are 
constantly incorporated into the soil. The produc- 
tion obtained with the use of corn stover, oat straw. 
soybean straw, and green alfalfa hay was compared 
with that obtained laboratory materials, 
tryptone and soluble starch. Since chloromycetin is 
pertinent 


with two 
a nitrogen-bearing compound, it seemed 
also to study the effect of narrowing the C/N ratio of 
several of the addenda to 10/1 with (NH,).SOj. 

The soils were amended with the carbon source to 
1 per cent by weight, sterilized, and inoculated with 
1 ml. of a spore susnension of S. venezuelae. The 
production of chloromycetin was determined at the 
end of 18 and 31 days of incubation. 


By far the largest producticn of chloromycetin was 


» 
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given by tryptone—about 25 ugm. and 27.8 ygm. per 
gm. of soil at the end of 18 and 31 days respectively. 
Of the agricultural materials alfalfa was the most 
productive, but only to the extent of 1.4 ugm. Corn 
stover and soybean straw yielded trace amounts; oat 
straw and starch gave no detectable production of 
chloromycetin. The C/N ratio did not materially 
affect production since adjustment of the ratio with 
(NH,).SO, in no instance increased the amount of 
detectable chloromycetin. The population density 
was not a decisive factor, since a heavier mass of 
aerial mycelia was observed in the starch flasks than 
in the alfalfa-treated soils; yet starch did not yield 
detectable antibiotic. It is probable that specific 
precursors in easily availabie form are most impor- 
tant to chloromycetin production. The unamended 
soil and most of the plant residues were not favorable 
substrates. 

Identification of chloromycetin in soil.—That the 
inhibitory agent produced by S. venezuelae in soil is 
chloromycetin was confirmed by the following: 

1. Chemical evidence. It kas already been pointed 
out that the presence of an aromatic nitro group in 
the chloromycetin molecule is a unique property. 
Active soil extracts when reduced with SnCl, under- 
went a diazotization reaction indicating the presence 
of an aromatic group. Similar compounds were not 
found in control soils. An aromatic amine is excluded 
since the reaction was not obtained with unreduced 
extract. 

2. Correlation between biological and chemical 
assays. Where both assays were used, the chloromy- 
cetin values of active soil extracts as determined by 
the bioassays and the colorimetric procedure agreed 
closely. 

3. The Ry values of the soil extract. The calcu- 
lation of Ry values by paper-strip chromatographic 
analysis is widely used as a means of identification 
of antibiotic substances. The Ry» is the ratio of the 
distance which a chemical moves on a filter paper, 
when one edge of the filter paper is placed in a suit- 
able solvent. and the distance which the solvent moves 
in the same length of time. Under standard condi- 
tions the Ry value is constant and specific for each 
chemical in a particular solvent system. Thus, if 
the Ry value of an unknown compound is compared 
to that of a known material. one criterion of identity 
can be established. The specific method used for 
the identification of chloromycetin in soil extracts 
is an improved technique for antibiotics developed 
by Miller (7). Ry values were determined on the 
extract from the tryptone-amended soil only, since the 
test sensitivity requires about 100 pgm. per ml. of 
active material. Three solutions were run simultane- 
ously on the strips: 1) a chloromycetin standard of 
100 ugm. per ml., 2) the soil extract unknown, and 
3) a mixture of equal parts of standard and soil 
extract. The chromatograms were developed by the 
upflow method from two solvent systems at 26° C., 
water saturated with n-butanol, and n-butanol satu- 


TasBLe 2.—Results of addition of chloromycetin to an 
established population of Bacillus subtilis* in soil 


Chloro- 


Chloromycetin added mycetin Viable 
(ygm. per gm.), and recovered, cells, 
cultural treatment Days ywgm. pergm. X 106 
0—viable cells 0 30 
0 45” 

10—heat-killed ce!l- 0 7.0 0 
} 7.1 0 

Viable cells 0 7.0 30 

8 7.0 36 

15—heat-killed cells 0 11.5 0 
8 11.5 0 

Viable cells 0 11.5 30 

8 10.6 32 


B. subtilis was grown for 18 days in the soil before 
chloromycetin was added. The soils were then incubated 
an additional 8 days. 

"The population difference was statistically significant 
at the 5 per cent level. 


rated with water. The movement of the antibiotic 
on the paper strip was determined by the position of 
the zone of inhibition when the filter paper was placed 
on a large B. subtilis assay plate. 

The R, values obtained with the butanol-saturated 
water system were as follows: standard, 0.70; soil 
extract, 0.71; mixture, 0.70. Those obtained with 
the water-saturated butanol were: standard, 0.88; soil 
extract, 0.88; mixture, 0.88. These values clearly show 
the identity of the active principle in the extract with 
chloromycetin. 

Effect of B. subtilis on chloromycetin in soil.—The 
long growth period necessary for the appearance of 
chloromycetin when S. venezuelae is grown in soil 
containing B. subtilis cannot be due to the breakdown 
of the antibiotic by the bacterium (Table 2). No 
appreciable difference was found in the recovery 
values for chloromycetin obtained at the beginning 
and end of the 8-day incubation period in the presence 
of large numbers of bacteria. At both the 10- and 
15-ugm. levels, the bacterium exerted no effect on 
the antibiotic. On the other hand, 15 ygm. per gm. 
significantly reduced the growth of the bacterium. 
Neither concentration was lethal since B. subtilis was 
able to multiply in those soils containing 10 pgm. 
and to hold its own in the presence of 15 ygm. of 
chloromycetin per gm. 

Throughout the experiment, B. subtilis remained 
sensitive to chloromycetin as indicated by a complete 
lack of growth at 1:100 dilutions on chloromycetin- 
amended agar. Therefore, the survival of the bac- 
terilum in the presence of the antibiotic in soil can- 
not be attributed to the evolution of a chloromycetin- 
resistant population. The data indicate that the only 
effect of the concentrations of antibiotic used was to 
retard rather than inhibit the bacterium. This may 

4Paper-strip chromatograms were made by Dr. Richard 


Miller of the Division of Biochemistry, University of 
Illinois. 
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TABLE 3.—-Response o/ the s 

Treatment Days Bacteria « 10° 
( CR 

il control 303.7 24.5 
513.3 30.0 

| 203.3 Sz 

Soil plus chtoromycetin 0) 03 24.5 
7 963.3 22.0 

14 27] 29.7 

‘“G general numbers ganism CR numbe 


chloromycetin per ml. 


explain why B. subtilis was not inhibited in associa- 
tion with S. venezuelae, even though it is possible 
that small amounts of chloromycetin had been syn- 
thesized and had diffused into the soil. The results. 
lowever, do not explain the lag in appearance of 
dctectable chloromycetin in the mixed cultures. unless 
the bacterium was able to attack minute amounts of 
the antibiotic gradually elaborated into the soil me- 


) 


dium. lt is also possible that some activity of B. 
subtilis affected the metabolism of S. 
wav antagonistic to the 

The effect on chloromycetin of the 
normal That 


venezuelae 


j 
renezuelde ina 


production of chloromycetin. 
micre flora of 
can be 


has been demonstrated. 


soil. chloromycetin produced 


The 


has 


in soil by Mi 


actinomycete has a cosmopolitan existence; it 
Japan and Venezuela 
United States. 


that chloromycetin 


been isolated from soils from 


and 
Nevertheless. it is 


from Indiana and Illinois in the 
questionable 
could accumulate in a natural soil containing a large 


Pure 


laboratory. 


number of microorganisms. cultures of a num- 
inactivate or 


hydrolyzing the mole 
(14, 15). Ac- 
d physio- 
should 


If true. this informa- 


ber of bacteria can, in the 


destroy chloromycetin either by 


cule or by reducing the nitro 


group 


cordingly, at least some members of such 


mit roflora 


soil 


logically diverse group as the 
be able to act on the antibioti 
tion on the effect of the indigenous soil population 


would throw some light on the probable fate of any 


chloromycetin produced in a natural soil under the 
impact of intense biological activity. 
From figure 2 it is apparent that a Jarge propor- 


ton of the 50 ugzm. of chloromycetin added to a gram 


of nonsterile soil disappeared \pproximately 39 


"em. could be recovers d at the start of the experiment, 


but only about 5 ugm. could be recovered at the end 
of 14 days—a After an initial 


lag period of one day. the disappearance of active 


loss ot 85 per cent. 


chloromycetin was rapid. followed by a distinct level- 
ing off after the seventh day. Between the first and 
third days there was 43 per cent loss of activity. 38 
per cent decrease during the next four days, and 


50 per cent decrease the following week. The recovery 


of the antibiotic from sterile soil was relatively con 
stant, the values fluctuating around + 2 yugm. A 
comparison of the two assay procedures on extracts 
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roflora to addition of 50 “gm. chloromycetin per gm. of soil 


Number of viable cells per gm. of soil 


Actinomycetes Fungi & 104 Total « 10° 
10 

G CR G CR G CR 
66.8 7.9 19.3 16.3 372.4 34.0 
83.3 15.0 17.0 34.8 398.4 18.5 
80.0 12.5 20.3 15.3 285.3 29.2 
66.8 7.9 19.3 16.3 372.4 34.0 
118.3 17.0 33.4 16.0 684.9 13.6 
98.3 is 17.7 YP 71.8 14.9 


of colonies developing on agar amended with 10 ygm. of 


reveals a random error not exceed- 


The loss in chloromycetin in 


from sterile soil 


ing 4 ygm. per gm. 


the nonsterile soil cleariy was due to biological ac- 
tivity. 

The tests were inconclusive with regard to detection 
of intermediate breakdown products of chloromycetin. 
Tests for aryl negative 
throughout the course of the experiment. The data 
do show a small but consistent difference between the 
chemical and biological assays of the extracts from 
The recovery values given by the 


amines were completely 


the nonsterile soil. 
colorimetric determination were always higher than 
those by the biological assay. This difference could 
be attributed to experimental error. though it also 
might be a measure of a small quantity of aromatic 
nitro residues from chioromycetin breakdown. In 
any case, there appears to have been a decided up- 
take of the antibiotic 


the soil microorganisms. 


or its degradation products by 


A number of conclusions may be drawn from the 


data in table 3: 


l. The effect of the 


nonsterile soil was most pronounced on the bacterial 


addition of chloromycetin to 
population, which almost doubled in the treated soils 
in 7 days, whereas only a slight increase was recorded 
for the numbers of bacteria in the soil controls during 
the same period. 

2. The population changes of the actinomycetes in 
both same 
magnitude, indicating no particular 


treated and untreated soils were of the 
response to the 
addition of chloromycetin to the soils. The fungus 
population remained relatively stable. 

3. The addition of chloromycetin to the soil did not 
appear to select out a population resistant to the anti- 
biotic. About the same percentage of the total num- 
ber of microorganisms appearing on the agar plates 
was resistant to 10 ygm. per ml. at the beginning and 
end of the 14-day incubation period. Although the 
bacteria were stimulated by the addition of the anti- 
biotic to the soil, they remained primarily chloromy- 
\s would be ex- 


pro- 


cetin-sensitive on laboratory media. 
pected, sensitivity to the antibiotic was most 
nounced among the bacteria and actinomycetes. The 
fungi appeared to be relatively insensitive. 
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DiscUSSION OF RESULTS.—Activity and adsorption 
studies on the neutral antibiotic, chloromycetin, reveal 
that, unlike the basic material streptomycin, it is po- 
tentially active if produced in the soil. This activity 
is associated with the compound’s ability to exist free 
in the soil or in weakly bound form, as is indicated by 
the relative ease with which it can be eluted from the 
soil by water or organic solvents. 

The actual level of activity is considerably masked 
by the soil. Sixty times as much chloromycetin was 
required to inhibit B. subtilis in soil as was required 
in broth. Therefore it should be emphasized that the 
inhibitory concentrations of an antibiotic in labora- 
tory media are inadequate criteria for its effect in 
the soil. 

That S. 
a medium for the production of chloromycetin is very 


venezuelae can utilize the soil substrate as 


important, for it indicates that in this case antibiotic 
production is a normal physiological mechanism and 
not an aberrant phenomenon appearing only under 
The large amount 
produced with tryptone amendment should not be re- 


laboratory conditions of culture. 


garded as any index of production in field soil; tryp- 
tone is a specially prepared nutrient and hardly rep- 
resentative of the materials which ordinarily find their 
way into the soil. A much more realistic index was 
the production under alfalfa-hay amendment. 
While the growth of the actinomycete on unamend- 
ed soil gave rise to a small quantity of detectable 
chloromycetin. production was not increased with oat 
straw or starch. This result indicates that a prefer- 
ential feeding not conducive to the production of the 
antibiotic took place in those amended soils. In other 
words, the oat straw and starch constituted the main 
substrates for the actinomycete’s metabolic activities 
and did not provide the specific precursors for the 
synthesis of chloromycetin. On the other hand, a very 
small amount of such precursor must have been pres- 


ent in the soil itself. 
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The capacity to produce an active antibiotic is not 
necessarily correlated with an organism’s competitive 
ability in soil. S. venezuelae was not able to suppress 
the growth of B. subtilis in mixed soil cultures, where- 
as S. griseus, although incapable of producing an ac- 
tive antibiotic in the soil, was highly antagonistic to 
the bacillus (13). 

The amounts of chloromycetin added to the soil (50 
ugm. per gm.) in the soil stability studies are prob- 
ably much greater than could actually be produced 
under field conditions. Nevertheless, the soil popula- 
tion showed a marked ability to metabolize the com- 
pound and quickly neutralize the effects of its produc- 
tion in soil. 

It can be concluded that chloromycetin is poten- 
tially able to play a significant role in biologic equi- 
libria in the soil in terms of its adsorption and activity 
status. However, the results actually obtained, when 
translated into field conditions, indicate that the pro- 
duction and accumulation of chloromycetin in soil 
might be, at best. only negligible. 


SUMMARY 
Chloromycetin can be produced by S. venezuelue 
when grown in unamended soil. 

The production of chloromycetin could be greatly 
increased by the addition of tryptone and only slightly 
by the addition of green alfalfa hay. Oat straw and 
starch were ineffective. 

S. venezuelae was unable to antagonize the growth 
of B. subtilis in unamended soil. 

Chloromycetin was active in the soil although the 
activity level was below that in broth. 

Chloromycetin added to a nonsterile soil was rap- 
idly degraded by members of the soil population. 
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FREQUENCY OF BACTERIAL BLIGHT-RESISTANT PLANTS IN 
TWENTY COTTON VARIETIES! 


L. A. Brinkerhoff, John M. Green, Richard Hunter, and George Fink? 


Bacterial blight is one of the major diseases of cot- 
ton in Oklahoma and adjacent cotton-producing areas. 
Chemical seed treatments reduce primary infection but 
do not prevent epidemics of the disease. The develop- 
ment of resistant varieties appears to be the most feasi- 
ble control measure. 

Commercial varieties of 
(Gossypium hirsutum L.) 
to bacterial blight, but none are highly 
7, 9). Complete exist, 
some of the Old-World cottons cultivated in 
ris 

The first resistant American upland cotton, discov 


\ merican cotton 


differ in their susceptibility 


upland 


resistant (6. 
however. in 
Asia (6. 


resistance does 


ered in Africa about 1934 (5). was a nonproductive 
type and was designated Nye’s Uganda B By back- 
crossing and rigid selection in artificially inoculated 
breeding plots, Knight (2, 3, 4) and Knight and 


Clouston (5) have transferred resistance from Uganda 
B., and other resistant types to the highly susceptible 
Egyptian varieties (G. barbadense L.). Knight and 
have made extensive surveys of both 


associates (6, 7) 
Old-World and New-World types of cotton. 
was found in many of the Old-World cottons. but rarely 
in American upland varieties except those previously 
blight 


Resistance 


grown in Asia or Africa. Five major genes for 
resistance have been reported by Knight and asso 
ciates. 

In the United States. Simpson selected a_blight- 


resistant strain of cotton from Stoneville 2A in 1939. 
It was designated Stoneville 20 and described by Simp- 
son and Weindling (9) in 1946. 
been grown on a commercial basis. but has been widely 


upland 


Stoneville 20 has not 


used in crosses with commercial varieties. 
Blank (1) reported in 1949 that resistance in Stone- 
ville 20 appeared to be controlled by a single recessive 
gene. 

During the past 5 
plants have been found by other investigators in the 
United States. Moosberg (see 8) 
sistant strain from three plants selected in naturally 
infected Stoneville 2B. Hooton (see 8) 
sistant plants in 1948 from Floyd Mebane and Buckel- 
lew Mebane, and Blank (see 8) found resistant plants 


Q 
in Hurly Rowden in 1949. Also in 1949 the 


years bacterial blight-resistant 


has developed a re- 


isolated re- 


senio! 
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author found resistant plants in an artificially inocu- 
lated planting of Mebane 6801 and among naturally 
infected plants of an unknown variety. In most in- 
stances only an occasional resistant plant has been 
found in relatively large populations in American up- 
land varieties. 

The present study comprised a survey of 18 commer- 
cial varieties and breeders’ strains of upland cotton 
(G. hirsutum L.) and two varieties of American-Egyp- 
tian cotton (G. barbadense L.). Relatively large popu- 
lations (13.000 to 25,000 plants) 
contrasted to small populations (23 or 
served by Knight and Hutchinson (7) 
progeny rows by Knight and Clouston (6). 

MATERIALS AND METHODS. Approximately 32,000 
seeds of each of 20 varieties were planted in a ran- 
domized block design with eight replicates. The varie- 
tal designation and the source of each are in table 2. 
Plots consisted of four rows, each 100 ft. long. Ap- 
10 seeds were planted per foot of row 


were surveyed, as 
16 hills) ob- 


and _ single- 


proximately 
space. Thinning was delayed until after the survey 
was completed. The test was planted on May 17 and 
18, 1950. and inoculated during the third week of June. 

The method of 
techniques developed by Knight and Clouston (5), 
Simpson and Weindling (9). and Weindling (10). Six 
different isolates of the blight bacterium, Yanthomonas 
malvacearum (E. F. S.) Dowson, were grown in a liq- 


inoculation was a modification of 


uid medium and a composite culture used at the rate 
of 1 pt. to 100 gal. water.* 
single-nozzle spray gun of a power sprayer operated at 
about 400 psi. applied 100 gal. of diluted inoculum to 
approximately 2.000 ft. of row space. The spray stream 
was adjusted to produce visible water-soaking of the 


Two men, each using a 


leaves without serious mechanical injury. Water-soak- 
ing on the underside of the leaves was obtained after 
about 7 a.m. and as long as the plants remained turgid. 

Blight symptoms were evident 5-7 days after inocu- 
lation and grading was started 14—16 days later, or 3-4 
weeks after inoculation. Unseasonably cool weather 
probably retarded symptom development, but a very 
severe epidemic developed. 

Plants were counted and examined rapidly for leaf 
infection. Those that were not infected or had small 
atypical lesions were tagged and evaluated later in the 
season. Abundant secondary infection favored by driv- 
ing rains obviated the need for further inoculation. 
Tagged plants which had been 
were discarded and the remaining plants graded ac- 


previously escapes 


cording to leaf reaction. 


8The liquid culture medium was made up as follows: 
peptone, 5 gm.; beef extract, 3 gm.; juice from 300 gm. of 


boiled potatoes and 50 gm. of boiled carrots: water to 
make 1,000 ml. The pH was adjusted to 6.8-7.6. 
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A numerical scaie somewhat similar to one suggested 
by Weindling (10) was first used, 4 to 5 weeks after 
inoculation. This scale included grades 0, 1, 2, 3, and 
1 and was based on the presence or absence, relative 
size, and appearance of individual lesions on the leaf 
blade. Plants with no discernible lesions on the leaves 
except for occasional dry brown-to-black lesions along 
the veins were classed as grade 0. Grade 1 was char- 
acterized by dry, very small round lesions that other 
investigators (5, 9, 10) have considered as representa- 
tive of a highly resistant reaction. Grade 2 consisted 
of a tolerant reaction identified by typical green an- 
2 mm. in diameter. 


gular spots 1-2 sometimes 
coalesced but tended to dry rapidly: 


which 
vein blighting 
was limited, mainly brown. Lesions of grade 3 were 
somewhat larger than those of grade 2. and tended to 
coalesce more frequently; vein blighting was more 
abundant and considerably more water-soaked. Grade 
4 represented a fully susceptible leal-blade reaction: 
large green angular spots dried slowly. and bacterial 
exudate was abundant. Vein blighting was always wa- 
ter-soaked, but varied in amount with different varie- 
ties. 

Six to 8 weeks after inoculation it was necessary to 
add two additional grades because all of the plants 
that originally graded 0 and many of those that graded 
1 and 2 developed a few relatively large water-soaked 
Thus eventually the following seven grades 
were employed: 0.2, 1, 1.2, 2, 2.3. 3, and 4. The first 
three represent resistant reactions as described above. 


lesions. 


the second three represent tolerant reactions, and the 
last grade a fully susceptible reaction. Stoneville 20. 
which was used as the resistant standard. originally 
graded 0 but later developed a few scattered lesions 
that would have placed it in grade 0.2. A summary of 
the leaf symptoms appears in table 1. Five of the 
Summary of leaf grades used in surveying cotton 
varieties for resistance to bacterial blight 


TABLE 1. 


Leaf symptoms 


6-8 weeks 
after 


weeks 
inoculation 


Grade 3—4 


after inoculation 


0.2. Occasional dry brown- Earlier symptoms plus a 


black lesions along few scattered lesions on 

veins. lamina characteristic of 
grade = 

l Dry, very small round Same as earlier symptoms. 


lesions on lamina. 


1.2 Same as grade 1. Earlier symptoms _ plus 
scattered lesions character- 
istic of grade 2. 

) 


2 Angular spots 1-2 mm. 
in diameter, drying 
rapidly. 


Same as earlier symptoms. 


2.3. Same as grade 2. Earlier symptoms _ plus 
larger spots characteristic 
of grade 3. 
3 Larger spots than in Same as earlier symptoms. 
grade eos coalescing 
more frequently. 
4 Large green angular Same as earlier symptoms. 


spots. 
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Fic. 1. Five of seven leaf grades used in scoring bacterial 
blight resistance. Top to bottom: grades 0.2, 1, 2, 3, and 4. 





seven grades used in scoring blight resistance are illus- 
trated in figure 1. 

Resu.ts.—Results of the survey are in table 2. Of 
the 20 varieties included, one yielded one resistant 
plant, nine yielded resistant and tolerant plants, and 
three yielded tolerant plants only. Five upland varie- 
ties, including one Rowden and four Acala strains, and 
two American-Egyptian strains failed to produce any 
resistant or tolerant plants. There was a wide range 
in frequency of plants having resistance or tolerance, 
with observed values from 1/24,597 for Stoneville 2B 
to 1/243 for Stormproof No. 1. The results are pos- 
sibly subject to error resulting from resistant or tol- 
erant plants being overlooked. 

Discussion.—Resistant plants were found chiefly in 
varieties that originated in the Texas-Oklahoma area. 
The only exceptions are the varieties Half and Half 
and Hi-Bred from Georgia. However, seed of Half and 
Half had been increased in the Texas-Oklahoma area. 
Only tolerant plants were found in the two varieties 
originating in Mississippi and in one of the two varie- 
ties from Arkansas; the other variety from Arkansas 
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TABLE 2.-Frequency of resistant and tolerant plants in 20 cotton varieties examined for blight resistance following field 


noculation 


Number of plants 


Variety Origin Examined Resistant Tolerant Frequency* 
American upland 
CA 122 Texas 20,710 39 1] 1/414 
Stormproof No. 1 Texas 23,346 25 71 1/243 
Mebane 6801 Oklahoma 24,675 15 4 1/1,299 
Northern Star Texas 24,414 13 2 1/1,628 
CA 119 Texas 22,686 1 8 1/1,891 
Lankart 57 Texas 14,221 3 ] 1/3,555 
Lockett 140 Texas 24,970 3 2 1/4,994 
Half and Half Georgia and Texas 20,057 2 2 1/5,014 
Hi-Bred Georgia 14,656 ] 0 1/14,656 
Stoneville 62-1 Oklahoma 20,738 l 4 1/1,152 
Deltapine 15 Mississippi 25,892 0 | 1/1,523 
Stoneville 2B Mississippi 24,597 0 ] 1 /24,597 
Arkot No. 1 Arkansas 22,385 0 2 1/11,193 
Dortch No. 1 Arkansas 21,189 0 0 0/21,189 
CR-1 (Acala 892) Oklahoma 13,521 0 0 0/13,521 
Acala 44 Arizona 25.796 0 0 0/25.796 
Acala Santan \rizona 23,756 0 0 0/23.756 
Acala 4-42 California 22,211 0 0 0/22.211 
American-E gyptian 

Pima 32 \rizona 21,415 0 0 0/21.415 
Amsak \rizona 17,946 0 0 0/17.946 


"Includes resistant and tolerant plants. 


plants. The total erant plants. The number of resistant or resistant and 
tolerant plants found in any one variety varied from 
one to 96. Resistant plants were found in greater num- 


had neither resistant nor tolerant 
number of tolerant plants probably should have been 
somewhat greater. especially in such varieties as Delta 
pine 15, CA 119, and Stormproof No. 1. Many plants _ bers in varieties originating in Texas and Oklahoma. 


in these varieties approached grade 3 in tolerance but [a eS en 
were discarded. AND 
Although the four strains of Acala differed widely in U. S. DEPARTMENT OF AGRICULTURI 


their place of origin and development, neither resistant STILLWATER, OKLAHOMA 


*ré é Ss Tre ia ad. a se os ral s 
nor tol rant plants were f{ un 1. Among these strain ‘ciliaris: dail 
was CR-1 (Acala 892). which had been developed in 


Oklahoma by about the same method as employed for 1. BLank, Lester M. Breeding for resistance to bacterial 


blight of cotton. (Abstr.) Phytopath. 39: 494-495. 


Mebane 6801 (selection in ope n pollinated breeding 1949 
blocks). The other three Acalas were developed in 2. Knicut, R. L. The genetics of blackarm resistance. 
Arizona and California; Acala Santan by selection in IV. Gossypium punctatum (Sch. & Thon.) crosses. 
an isolated open-pollinated breeding block, and Acala Jour. Genet. 46: 1-27, 1944. 
44 and Acala 4-42 bv inbreeding i. . The genetics of blackarm resistance. VI. 
vip eR i a 1 Transference of resistance from Gossypium arboreum 
It was not possible to evaluate the plants fu ) irom to G. barbadense. Jour. Genet. 48: 359-369. 1948. 
an agronomic aspect because of severe boll-weevil dam 1, . The genetics of blackarm resistance. VIII. 
age. A majority of the resistant plants in Mebane Gossypium barbadense. Jour. Genet. 50: 67-76. 1950. 
6801 and Lockett 140 were dwarfed. as were a few ). , AND r. We LOUSTON., The genetics of black- 
, x ne ES arm resistance. [. Factors B,; and Bo. Jour. Genet. 
plants in CA 122. This characteristic was encountert d 38: 133-159. 1939. 
in resistant Mebane 6801 plants isolated in 1949. It 6. _ AND . "De aenctics of bdackarm ve 
has not yet been determined whether this dwarfing is sistance. I]. Classification, on their resistance, of 
associated with the gene B,. described by Knight and te types and strains, Jour. Genet. 41: 391-409. 
. we a ‘ . 41. 
Clouston (5). The majority of both resistant and : : 
: ; . AND J. B. Huteninsoyx. The evolution of 
tolerant plants in other varieties appeared normal as bieckarm resistance in cotton, Jour. Geant. BO: 3% 


8. 1950. 


to plant type and boll characteristics 
8. Simpson, D. M. Angular leaf spot committee reports 


SUMMARY for 1949. In Proceedings of the Eleventh Meeting of 
: the Cotton Disease Council. Biloxi. Miss Feb.. 1950 
Relatively large population 20 varieti f t (icseamadiat: 
ton from the United States were artificially inoculated 9 . AND R. Wertnpuinc. Bacterial blight resist- 
with Xanthomonas malvacearum and later examined ance in a strain of Stoneville cotton. Jour. Soc. Agron. 
. q * 1) 425 ( 
for resistant and tolerant plants 38: 630-635. 1946. _ 
; : 10 WEINDLING, R. Bacterial blight of eotton under con 
Resistant plants were found in 10 of the 20 varie ate nog ae 
ditions of artificial inoculation. U. S. Dept. Agr. 


ties surveyed; three additional varieties contained tol Tech. Bul. 956. 1948. 








BEAN VIRUS 2 (YELLOW) ON GREAT NORTHERN BEAN IN MONTANA? 
M. M. Afanasiev and H. E. Morris 


Some varieties and strains of Great Northern beans, 
University of Idaho (U. I.) 15, 81, and 123 and Mon- 
tana |. are highly resistant to bean virus 1. Never- 
theless. when these strains are grown in Montana. 
another virosis frequently occurs on individual plants 
near the edges of commercial fields. along alleys or 
roads. and on the banks of irrigation ditches where 
numerous wild and escaped legumes grow. Since 
many acres of Great Northern beans are raised for 
certification, it becomes imperative to investigate the 
virosis and to identify the virus and study its proper- 
ties, its host range. and the possibility of its trans- 
mission through seed. 

FieELD SYMPTOMS.—Symptoms of the virosis on 
young trifoliate leaves of U.I. 15 bean plants first 
appear as slight. irregular mottling. and the leaflets 
droop somewhat at the pulvini. Small chlorotic spots 
often develop, enlarge. and coalesce: the leaves be- 
come crinkled, misshapen. and_ slightly chlorotic 
Chlorotic mottling may follow the leaf veins. but more 
often it has no relation to them. Some veinclearing 
is on all leaves. Older leaves become rugose and 
curled. but no cupping has been observed.  Inter- 
nodes are short, plants are stunted or dwarfed and 
often spindly, maturity is delayed, and yield is poor. 
Some of these symptoms resemble those caused by 
yellow bean mosaic or bean virus 2 (5.7), but absence 
of pronounced chlorosis precluded an assumption that 
bean virus 2 was responsible for this virosis. 

MATERIALS AND METHODS.—-Most of the diseased 
bean plants and legumes were collected either at the 
Huntley Branch Station. Huntley. Montana, or in 
adjacent fields. They were immediately transported 
to Bozeman in an iced refrigerator and used as a 
source of inoculum within 24 hr. after collection. 

Plants tested as hosts were Great Northern U.I. 15. 
U.l. 59. Montana 1. Pinto. Red Kidney, and Ideal 
Market bean. unless otherwise noted: broad bean 
(Vicia faba L.\). white sweet clover (Melilotus alba 


Desr. ). yellow sweet clove (M. officinalis (q.) 
Lamb.). alfalfa (Medicago sativa L.). red clover 


(Trifolium pratense L.), alsike clover (T. hybridum 
L.). white and Ladino clover (7. repens L.). pea 
(Perfection, Pisum sativum L.), soybean (Soja max 
(L.) Piper). and a cultivated form of tulip. iris. and 
gladiolus. 

Plants were inoculated by the method recommended 
by Rawlins and Tompkins (6) then lightly sprinkled 
with water and kept overnight in a moist chamber. 
Bean plants were in the early stage of the first trifoli- 
ate leaf. In all experiments several noninoculated 
plants were used as checks. The greenhouse tests 

1 Accepted for publication October 20, 1951. 
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were at Bozeman, Montana, and the field trials at the 
Huntley Branch Station. 

SEED TRANSMISSION OF THE virUS.—Field observa- 
tions indicate that the virus is not transmitted through 
the seeds, since no increase in the disease was ob- 
served when seeds from infected bean plants were 
planted. Continuous occurrence of this disease in 
the border rows indicated that it is probably intro- 
duced each season from without. 

No transmission of the virus occurred when 930 
bean plants were grown in the greenhouse from seed 
collected from diseased field plants. Growth of some 
plants was rather weak, leaves were elongated and 
slightly crinkled, with some rugosity and chlorosis. 
Some leaves also had small yellowish spots. All these 
abnormalities tended to disappear with age. 

During 1942 and 1943, when 320 plants were grown 
in the field from seeds collected from field-grown 
diseased bean plants, less than 2 per cent showed 
the disease. Since plants in adjacent rows grown 
from seed of healthy plants had a higher percentage 
of disease, probably all the disease was due to cur- 
rent-year infections, and was not transmitted through 
the seed. 

Seeds from the most abnormal plants grown in the 
greenhouse during the winter of 1941-1942 were 
planted in the greenhouse to determine whether some 
of these abnormalities will transmit through the seeds. 
Most of the 150 plants grown were normal; the ab- 
normalities that appeared in a few plants probably 
were due to unfavorable growing conditions during 
the winter months. 

Seeds of the plants that had been inoculated and 
that had positive symptoms of disease during 1944 
and 1945 were planted in the greenhouse. No trans- 
mission of the disease occurred. 

SEANS AS A SOURCE OF INOCULUM.—Field Beans: 
During the summer and fall of 1944, 1945, and 1946, 
six, nine, and four transmission experiments were 
Healthy plants of 
several bean varieties and other leguminous plants 


made in the respective years. 


were inoculated (Table 1). All varieties of beans, 
white and yellow sweet clovers, and broad bean be- 
came infected, but red, alsike, and white clovers and 
alfalfa did not. Much greater percentages of infec- 
tion were obtained in 1945 and 1946 than in 1944. 

Symptoms of this virosis on U.I. 15 and U.I. 59 in 
the greenhouse were identical to those described for 
U.1. 15 in the field, except that the greenhouse plants 
showed more yellowing and were more spindly. 

Symptoms on Montana 1 were usually mild, only a 
faint mottling and some crinkling, but practically ‘no 
rugosity, appearing on the upper leaves of the slightly 
dwarfed plants. Only one plant of Montana 1 had 
symptoms similar to those of U.I. 15. 
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TABLE 1.—Infection of bean varieties and other legumes by virus inoculum secured from various field plants 


ane eee Number of plants infected / Number inoculated 
{ 


source’ B variety 1944 1945 1946 Other legumes’ 1945 1946 
Bean, Great Northern ted Kidney 27/32 13/26 Sweet clover: 
Montana 1 7/38 19/26 White 11/12 5/12 
Pinto 20/26 Yellow 6/12 8/12 
U.. 35 9/38 18/26 13/25 Broad bean 2/11 
U.I. 59 20/26 6/25 
Ideal Market 10/32 
Bean, Red Kidney Red Kidney 2/8 
Montana | 1/8 
Pinto 6/8 
Le. 35 7/8 
U.I. 59 6/8 
Sweet clover, white Red Kidney 0/4 0/9 Sweet clover: 
Montana | 0/9 White 8/12 
Pinto 0/9 Yellow af kz 
U.I. 15 0/4 0/9 1/20 Broad bean 0/6 
U.I. 59 1/9 3/20 
Sweet clover, yellow Red Kidney 3/9 Sweet clover: 
Montana ] 3/9 White 1/5 
Pint 1/9 Yellow 5/6 
U.I. 15 0/9 2/10 Broad bean 0/3 
U.] 9 1/9 1/10 
Alfalfa Red Kidney 0/14 0/5 Sweet clover: 
Montana ] 2/14 0/5 White 0/3 
Pint 0/5 Yellow 0/3 
Wels 20 2/14 0/5 0/20 Broad bean 0/3 
U.] 9 1/5 0/20 
| Mat 0/14 
‘In 1944 inoculum from red clover and from alsike clover failed to infect Red Kidney, Montana 1, U.I. 15, and Ideal 
Market beans. 
"None of the inoculated plants of red, alsike, Ladino, and white clovers and of Ranger alfalfa became infected, 
“Symptoms somewhat similar to, but not typical of, virosis. 
Symptoms on Pinto closely resembled those on U.l. inoculated plants were similar to those of the virosis 
15. Young inoculated Pinto plants often remained — studied. 
stunted for about a month. then produced a spindly Both white and yellow sweet clover plants were 
growth with typical virosis symptoms susceptible and had light-green blotches interspersed 
On Red Kidney beans mottling. crinkling. rugosity with dark-green areas similar to those observed in the 
and veinclearing appeared. Older leaves were rugose. _ field. 
spindly, and yellow. with small islands of green tissue The symptom on broad bean was a slight chlorotic 
throughout the leaf blade. In general the symptoms mottling of leaves. 
on Red Kidney were somewhat milder than those on Greenhouse beans: During 1944, 1945, and 1946 
either Great Northern or Pinto bean plants inoculated with the virus and which de- 
Two of the inoculated plants of Ideal Market had veloped good symptoms of the disease in the green- 
symptoms identical to those of Red Kidney. but sey house were used to inoculate eight series of healthy 
eral others developed entirely different symptoms. bean plants. Transmission was slight: Virus from 
Terminal shoots stopped growing and the plants he Great Northern bean infected one of 14 plants of 
came dwarfed and stiff. The leaves rolled and became U.1. 15: one of five plants of U.L. 59; and none of 15 
chlorotic and blotchy with brownish-red vein dis Red Kidney and three broad bean plants. Virus 
coloration, and the plants died even though the roots from Red Kidney infected one of 16 Red Kidney 
were in good condition. This behavior was somewhat plants and none of four plants of U.I. 15, and virus 
similar to that of Pinto. exce pt that Pinto finally pro from Ideal Market failed to infect either Red Kidney 
duced new growth. Pierce (5) reported similar effects (four plants) or Ideal Market (four plants). 
of bean virus 2 on Mexican tree beans Lack of transmission may be because of the nature 
Numerous Red Kidney beans grown at the Huntley of the virus, or because of masking symptoms. The 
Branch Station had symptoms similar to those of the tests were made during late fall or in winter when 
inoculated plants. Plants of several bean varieties neither temperature nor light conditions in the green- 
were inoculated with the juice of field-grown diseased house were satisfactory for growing beans. 
Red Kidney plants. \ high degree of transmission OTHER SOURCES OF INOCULUM.— Diseased plants of 


was obtained (Table 1) and the symptoms of the white and yellow sweet clover. alfalfa, red clover, 
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alsike clover, soybeans. pea (Perfection). and some 
liliaceous and iridaceous plants were used as inocu- 
lum. 

White and yellow sweet clover—Composite sam- 
ples of field-grown white sweet clover with mosaic 
symptoms in the form of light-green blotches were 
collected in July or August and used as inoculum for 
one series in 1944, two in 1945, and four in 1946. 
Several varieties of beans and other legumes were 
inoculated (Table 1). 
tained in 1944, and only one inoculated bean plant 
had disease symptoms in 1945. Much better trans- 
mission was obtained in 1946; several bean plants and 
a high percentage of sweet clover had symptoms of 


No virus transmission was ob- 


the virosis studied. 

Composite samples of field-grown yellow’ sweet 
clover with symptoms of mosaic similar to those of 
white sweet clover were collected in July or August 
and used as inoculum in four series of experiments 
in 1945 and 1946. 


and to a high percentage of sweet clover was obtained. 


Transmission of the virus to bean 


but none to common and Ranger alfalfa and broad 
bean. 

Plants of white and yellow sweet clover, in which 
good symptoms developed after virus inoculations in 
the greenhouse. were used as inoculum in eight experi- 
ments with white and two with yellow clover to study 
the overwintering of the virus. The plants were first 


rested in a cold room for 2% months: 


the old leaves 
and stems died during this period but new growth 
developed later in the greenhouse. The results with 
white sweet clover inoculum were: U.I. 15, 1/38: 
U.I. 59. 0/38: white sweet clover, 1/3: yellow sweet 
clover. 1/3: broad bean. 4/6. Those with yellow sweet 
clover inoculum were: U.I. 15, 1/10; U.1. 59. 0/10: 
white sweet clover. 0/3: yellow sweet clover. 2/3: 
and broad bean. 1/3. Definite transmission was ob- 
tained. although the percentage was low. Thus the 
virus May overwinter in sweet clover plants and they 
may serve as a source of primary infection for beans. 

In the spring of 1946, bean plants of ULL. 
U.t. 59 were inoculated with the juice of field-grown 


15 and 


young sweet clover plants showing leaf blotching. 
but results were negative. It is possible that the con- 
centration of the virus in the young growth was not 
sufficient to transmit the disease. Transmission from 
older plants was obtained in other experiments. 


{lfalfa. 


leaves having a virosis in the form of mottling were 


Composite samples of field-grown alfalfa 


used as inoculum in seven experiments during 1944 
to 1946 (Table 1). In 1944 and 1945. five inoculated 
bean plants had symptoms that resembled the virosis 
somewhat but were not typical. Other inoculated 
plants had symptoms entirely different from those of 
the virosis under investigation. Tests in 1946 gave 
similar results. It is uncertain and rather question- 
able that alfalfa carries the disease in Montana. 


Red clot eT. 


leaves infected with a virosis in the form of mottling 


Two composite samples of red clover 


~ Number of plants infected/number of plants inoculated. 
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were collected in 1944 at Bozeman, Montana. Four 
varieties of beans (U.I. 15, Montana 1, Red Kidney, 
and Ideal Market) were inoculated with this material 
but no transmission occurred. 

Alsike clover—One composite sample of leaves of 
alsike clover infected with a virosis producing yellow 
mottling of leaves was collected at Bozeman, Montana. 
Four varieties of bean (U.I. 15, Montana 1, Red Kid- 
ney, and Ideal Market) were inoculated with this 
material but again no transmission occurred. 

Tulip, iris, and gladiola——-McWhorter et al. (4) 
have shown that gladiolus plants, in addition to dif- 
ferent leguminous plants, serve as a reservoir for 
yellow bean mosaic in Oregon. Since the virosis 
studied, according to preliminary information ob- 
tained, may be related to yellow bean mosaic, it was 
decided to test various plants of the lily family grown 
in Montana for the occurrence of the virus. 

Tulips, irises, and gladiolus plants grown in Boze- 
man, having mosaiclike mottling, were used as inocu- 
lum in nine experiments during the spring of 1947; 
tulip in four, iris in three, and gladiolus in two. In 
each experiment five healthy bean plants of each of 
U.l. 15 and U.I. 59 were inoculated with the juices 
extracted from the liliaceous plants. The results of 
these tests were negative, which gives some indica- 
tion that the virus studied in this investigation ap- 
parently is not related to one described above (4). 

REACTIONS OF PEA AND SOYBEAN PLANTS.—Plants 
of Perfection pea and soybean were inoculated with 
juice of diseased Great Northern beans to determine 
whether the virosis under investigation is caused by 
the original or a new strain (2, 3, 4) of yellow bean 
mosaic. A considerable number of the soybean plants 
developed crinkled leaves with yellow mottle, but all 
peas remained free of disease. 

RESISTANCE OF DIFFERENT SELECTIONS OF GREAT 
NORTHERN BEANS. 
of Great Northern beans resistant to bean virus 1 


For several years numerous lines 


were tested in the field for resistance to the virosis 
under investigation. Only 14 lines were resistant; 
these, together with U.I. 123, were grown in the green- 
house during the summers of 1947, 1948, and 1949, 
and further tested by artificial inoculation with the 
virus from field-grown Great Northern beans. Only 
two selections, Montana 1 and 43-15, consistently 
showed a high degree of resistance in the greenhouse. 
In most cases these selections had no symptoms, or 
very mild ones which were difficult to detect. 


PROPERTIES OF THE virUs.—Virus from the juice 
of a diseased Great Northern bean plant was used for 
dilution, thermal inactivation, and aging studies. The 
test plants inoculated were the bean varieties U.I. 15. 
U.1. 59, Montana 1, Pinto, and Red Kidney. 

The virus was transmitted in dilutions of 1:1, 1:10, 
1:100. and 1:000, but higher dilutions (1:2000, 1:5000. 
1:10.000. and 1:1.000.000) failed to produce virosis 
in the inoculated beans. 


Heating at 60° C. for 10 min. inactivated the virus, 
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and none of the inoculated bean varieties became in- 
fected. 

The inoculum was infectious if used immediately 
tor 6 or for 18 hr. 
inoculum 


after extraction, or after aging 
No transmission was obtained after the 
aged for 30 or for 42 hn 
Discussion.—On the basis of information available, 
an attempt was made to identify the virus. Zaumeyer 
and Harter (8) proposed the following method for 
the identification of bean viruses. They state that 
it would be difficult. if not impossible, to differentiate 
bean virus 1 and 2 and bean mosaic virus 4 and 4A 
on the basis of symptomatology on certain varieties 
in the field, but that differentiation is possible on 
certain varieties grown under controlled conditions 
and by determining the properties of the viruses. 
Bean virus 1 and bean mosaic virus 4A are trans- 
mitted through the seed and bean virus 2 and bean 
mosaic virus 4 are not. On this basis it is evident 
that the virus studied in this investigation is not re- 
lated to either bean virus 1 or bean mosaic virus 4A. 
Bean mosaic virus 4 can be separated from bean 
virus 2 by inoculating plants of Pinto bean on which 
bean mosaic virus 4 produces local lesions and bean 
) trifoliate 


virus 2 produces mottle symptoms on the 


leaves. In the present investigation the virus studied 
produced general mottling on Pinto leaves. For this 
reason it is evident that this disease has no connection 


with bean mosaic virus 4. 


The host differentiation. the properties. and the 
association of this virus with white and vellow sweet 
clovers indicates that this virus belongs in the group 
of bean virus 2 (yellow bean mosaic). The results 
of recent investigations indicate that bean virus 2 is 
composed of several strains (2. 3. 4) and also is 
closely related to bean virus | (1 

Zaumeyer and Wade (7 by inoculation tests. 


found that Great Northern Idaho No. 1. Robust. Cali- 
fornia White. and Red Kidney (Dark 


Strain) beans are resistant and Perfection pea sus- 


Mahogany 


ceptible to the white sweet clover mosaic virus. Pierce 
(5). by inoculation tests. found that Great Northern 
Idaho No. 1 and Robust beans are susceptible. and 
Perfection pea resistant to yellow bean mosaic. Gro- 
gan and Walker (2) found that Wisconsin Perfection 
pea was resistant to typical bean virus 2 and the 
pod-distorting virus, but that soybean was susceptible 
to typical bean virus 2, and resistant to the pod-dis- 
McWhorter and Boyle (3) found that 


varieties of the Perfection type of pea were particular- 


torting virus. 


ly susceptible to a newly described strain of yellow 
bean mosaic. 

The results of inoculation tests and property studies 
indicate that the virus occurring in Great Northern 
beans in Montana is identical. or closely related. to 
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yellow bean mosaic described by Pierce (5). 
Some resistance to this virosis was found in two 
strains of Great Northern beans grown in Montana. 


SUMMARY 


Bean plants infected with a virosis occurring on 
Great Northern bean, a variety resistant to bean virus 
1, develop drooping of leaflets, chlorotic spotting, and 
later general mottling, distortion, and crinkling of 
leaves: they gradually become rugose, dwarfed, and 
spindly. grow slowly, bloom late, and yield poorly. 
The virus does not transmit through the seed. 

Infection resulted when infectious plant juice was 
inoculated into Great Northern beans U.I. 15, U.L. 59, 
Montana 1, Red Kidney. Pinto, Ideal Market, broad 
bean, soybean. and white and yellow sweet clover. 

Bean varieties became infected when inoculated 
with juice from field-grown diseased plants of white 
and yellow sweet clover and Red Kidney bean. The 
sweet clovers apparently serve as main reservoir of 
this virosis in nature. 

In property studies, this virus inactivates in a dilu- 
tion greater than 1:1000. also by heating for 10 min. 
at 60 C., 

Some resistance to this virosis was found in two 


(Montana 1 and 


and by aging for more than 18 hr. 
strains of Great Northern beans 
13-15) grown in Montana. 

The host differentiation, the properties, and the 
association of this virosis with white and yellow sweet 
clovers indicates that this disease is caused by bean 
virus as described by Pierce EDP 
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EPIDEMIOLOGY AND CONTROL OF ANGULAR LEAF SPOT OF CUCUMBER! 
A. B. Wiles and J. C. Walker 


Angular leaf spot (Pseudomonas lachrymans (FE. F. 
Sm. & Bryan) Carsner) frequently becomes sporadic 
on cucumbers grown for processing in Wisconsin. 
Within individual fields it appears initially on a rela- 
tively small number of scattered plants. The rate of 
spread to surrounding plants and the severity of the 
disease are both extremely variable: a severe out- 
break, developing suddenly in fields which previously 
had shown only a small number of infection centers, 
may be followed by almost complete disappearance of 
symptoms. At times the pathogen appears to spread 
slowly through a field and disease severity may be 
moderate for the remainder of the growing season. 
The seed supplied to the growers by processors usu- 
ally is produced in the Rocky Mountain or Pacific 
Coast States, and is treated with either an organic 
mercury dust or a mercuric-chloride drench prior to 
delivery. The latter has long been a standard treat- 
ment for cucumber seed, but the dust is often used be- 
cause of greater ease of application. After a severe 
outbreak of angular leaf spot in the summer of 1947 
near Oconto, Wisconsin, where dust-treated seed had 
been used, it was recommended to the processors that 
the mercuric-chloride treatment be specified for all 
Field surveys 
in the summer of 1948 revealed that angular leaf spot 
was present, sometimes causing severe damage, in 
plantings of seed so treated in fields not known to have 
been previously planted to this crop. 

This investigation was directed toward a study of 
1) the effect of certain environmental factors, espe- 
cially temperature and moisture, upon disease devel- 
opment: 2) the relation of infected seed to the initia- 
tion of epidemics; and 3) the relation of seed treat- 
ment to control. 

RELATION OF ENVIRONMENT TO DisEASE DEVELOP- 
MENT. Carsner (1) observed 
that extremely hot summer weather did not appreciably 
check the development of angular leaf spot in the field. 
Jones and Doolittle (6) reported an outbreak of the 
disease in Wisconsin following a few days of warm, 
misty weather, and Weber (8) observed that seedling 
infection was less severe but not eliminated in dry 
weather with high temperatures. To determine more 
exactly the role of temperature in disease develop- 
ment, various controlled combinations of air and soil 


seed used in this area the next season. 


Temperature relations. 


temperature were used in three series of experiments. 
In the first series the air and soil temperatures were 
approximately the same at each level; in the second 
the soil temperature was constant and the air tem- 
perature was varied; in the third the air temperature 
was constant and the soil temperature was varied. Each 
series consisted of three identical experiments. The 


1Accepted for publication October 10, 1951. 
This investigation was supported in part by a grant from 
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plants were grown from seed planted in enameled 
pans in clean white silica sand and watered with dis- 
tilled water. Approximately 7 days later, seedlings 
were transplanted, five per 6-in. glazed crock contain- 
ing a mixture of three parts of greenhouse compost 
soil and one part of sand. The plants were inoculated 
by means of a light spraying with broth cultures of the 
organism from an atomizer-type sprayer, during the 
day at periods of high light intensity. A bell jar kept 
over each crock for 72 hr. maintained high humidity 
about the plants. Disease readings were taken at 5 
and at 8 days. Control plants were treated in the same 
manner except that distilled water was used in place 
of the inoculum. 

In the first series ten crocks each were kept at 16°, 
20°, 24°. and 28° C. for 14 days: the plants were then 
inoculated and left at the same temperatures. Cucum- 
ber plants grown at 20° and 24° were large and suc- 
culent; those grown at 28° were rather spindly, and 
those grown at 16° were short and stunted. Disease 
development was most severe at the two highest tem- 
peratures. In the second series ten crocks each were 
kept at 16°, 20°, 24°, and 28° C. air temperature; 
Wisconsin soil temperature tanks were used to main- 
tain a uniform soil temperature of 24° C. for 14 days; 
the plants were then inoculated and continued under 
the same environments. Under these conditions the 
host plants grown at 20° and 24° C. air temperature 
were large and succulent, those grown at 16° were 
short and stunted, and those grown at 28° were spin- 
dly. Disease development was most severe at the two 
highest air temperatures. In the third series, ten crocks 
were kept at an air temperature of 22° and Wisconsin 
soil temperature tanks were used to maintain soil tem- 
peratures of 24°, 28°, and 32° C. After 14 days the 
plants were inoculated and continued under the same 
conditions. Although the host plants grew reasonably 
well at all three of the soil temperatures, development 
was optimum at 24°. Plants growing at 32° C. soil 
temperature were most severely diseased; at 28° and 
24° the symptoms were slightly less severe. When the 
pathogen was grown in nutrient broth the optimum 
temperature for most rapid growth was 24°, which 
agrees relatively closely with the report of Smith and 
Bryan (7). 

The optimum temperatures for growth of the patho- 
gen in pure culture, for host growth, and for disease 
expression were rather close. Air temperature of 20° 
to 24° C. plus soil temperature of about 24° C. were 
optimum for growth and development of the host plant. 
The optimum air temperature for disease development 
was slightly higher, i.e., 24° to 28°. Air and soil tem- 
peratures around 16° greatly retarded growth of the 
host as well as disease development. Soil temperature 
of 24 ° did not appreciably advance the growth of the 
host or the amount of disease where the air tempera- 
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ture remained well below the optimum. However, soil 
temperature did affect both host growth and disease 
development where the air temperature was near the 
optimum and the temperature of the soil was apprecia- 
bly higher than that of the air 

Moisture relations—With certain bacterial plant 
pathogens it often has been difficult to obtain infec- 


tion in the greenhouse unless host plants were sub- 
jected to high humidity. In their inoculations with 


Pseudomonas lachrymans, Smith and Bryan (7) sub- 
jected their plants to moist conditions for 30 hr. after 
inoculation with a suspension of the organism. In these 
investigations no macroscopic symptoms of the disease 
were obtained in the greenhouse. unless some form of 
moisture treatment was used; also, pre-inoculation 
moisture treatments resulted in no macroscopic symp- 
toms except when followed by post-inoculation mois- 
ture treatments. 
ology of the disease, the minimum moisture treatment 


Because of its role in the epidemi- 


necessary for the expression of macroscopic disease 
symptoms was determined. Twenty crocks were kept 
at about 24° C. air and soil temperature for 14 days 
and then inoculated. Control plants were treated in 
the same manner except that distilled water was used 
in place of the inoculum. At intervals of 2, 4, 8, 12. 
16, 20, 24, 48, 72, and 96 hr. two crocks containing 
inoculated plants and one containing control plants 
were removed from the moisture chamber. On plants 
having had the 4-hr. post-inoculation moisture treat- 
ment, small macroscopic lesions were observed at 5 
days, but no lesions were observed at either 5 or 8 
days on those having had the 2-hr. treatment. The 
other inoculated plants in the experiment had various 
degrees of disease development. Those plants which 
received the longest treatments had the largest lesions. 
Lesion size increased when plants with a short treat- 
ment were returned to the moisture chamber for addi 
tional treatment. This indicated that the length of the 
moisture treatment affected the size of lesions after 
penetration. 

Although cucumber plants were readily infected in 
the greenhouse when given a post-inoculation moisture 
treatment, disease development under such conditions 
was rarely so severe as that often observed in the field. 
This feature also has been noted previously in connec- 


tion with other bacterial plant diseases. In a study 


of wildfire of tobacco. Clayton (2) found that pre- 
inoculation water-soaking of leaves with a power spray- 
er produced disease symptoms as severe as those ob- 
served in the field. On leaves not receiving this pre- 
inoculation treatment, lesions were limited in size and 
were relatively inconspicuous. Johnson (5) reported 
that excessive intercellular water or water congestion 
predisposed plants to infection by certain microorgan- 
isms. In this investigation, leaves of 10 young cucum- 
ber plants in the four-leaf stage were lightly sprayed 
with water on their lower surfaces until they were 
water-soaked, care being taken not to injure the leaves. 
The plants were inoculated immediately and placed in 
a moist chamber at 24° C. Ten additional plants were 
given the same treatment but not inoculated, and 10 


(Vol. 42 


plants in a third group were inoculated but not water- 
soaked. All plants were placed in the same moisture 
chamber. After 72 hr. the plants which had received 
pre-inoculation water-soaking had severe disease devel- 
opment; those inoculated but not given pre-inoculation 
treatment had smaller and less conspicuous lesions; 
and those treated but not inoculated recovered from 
water-soaking. 

Young cucumber plants in the four-leaf stage were 
water-congested artificially: the roots were washed un- 
til they were free from soil and water pressure was ap- 
plied directly according to the method of Johnson (5). 
Check plants were handled in the same manner as in 
the previous experiment. After application of water 
pressure for about 15 min., visible water-congestion 
was observed first about the margins of the leaves and 
later about the larger veins. Each plant was treated 
for 30 min. prior to inoculation, then transferred to a 
flask of water and placed in a moisture chamber at 
24° C. for 72 hr. Severe disease development invari- 
ably followed this treatment. Plants inoculated with- 
out the treatment had smaller and less conspicuous 
lesions; noninoculated plants recovered from conges- 
tion. When this experiment was repeated with varia- 
tion in the degree of water congestion, the results 
showed that the higher the degree of water congestion 
the greater the extent of disease development. While 
plants remaining in situ in the soil were not visibly 
water-soaked, some congestion probably occurred, 
since periods as short as 4 hr. after inoculation, with 
plants under bell jars and within moisture chambers, 
increased the intercellular water content sufficiently to 
support infection, which in turn gave macroscopic 
symptoms of the disease. As the moisture treatment 
was lengthened the extent of disease development in- 
creased. These artificial treatments resulted in disease 
development most characteristic of that commonly ob- 
served in the field. 

RELATION OF INFECTED SEED TO INITIATION OF EPI- 
pEMics.—In Wisconsin, cucumbers grown for process- 
ing are planted in rows 5-8 ft. apart. To facilitate 
picking. vines are trained to run lengthwise with the 
rows, leaving an open space 2-3 ft. wide between rows. 
The first symptoms of angular leaf spot usually are 
noted on the true leaves. seldom before the vines are 
in the third-leaf stage, but often after they begin to 
fruit. The plants affected at this stage usually are few 
and are scattered throughout the field. If environment 
is favorable, leaf lesions on plants in these primary 
centers enlarge rapidly and new lesions appear on 
near-by leaves. Subsequent spread of the pathogen is 
facilitated by spattering and wind-blown rain, by sur- 
face drainage water, and by pickers. as demonstrated 
by Carsner (1). The development of an epidemic is 
favored by warm weather, together with adequate mois- 
ture for penetration and for production of water con- 
gestion in the tissue. 

In a previous paper (9) it was shown that lesions 
appear on the cotyledons of seedlings from infected 
seeds. No evidence was secured, however, of systemic 
invasion of the vascular elements of such plants. This 
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WILES AND WALKER: 


TasLe 1.—Effect of various seed treatments on the germina- 
tion of cucumber seeds from diseased fruits and upon the 
percentage of seedlings with infected cotyledons 


Percentage 


Series and Percentage of of infected 


treatment germination seedlings 

A. None 95" 9.0" 
1:1000 HgCl., 10 min. 96 5.0 

B. None 95 8.5 
1:1000 HgCl., 10 min. 96 4.5 
1:1000 HgCl., 20 min. 97 3.5 
1:1000 HgeCl., 40 min. 96 3.0 

C. None 93 9.0 
1:1000 HgCl., 10 min. 95 4.0 
Arasan dust 95 3.0 
Water 50 


C., 30 min. 91 4.5 


“Each value is the average of results from four experi- 
ments. 


would indicate that the inoculum in infected cotyledons 
must be disseminated externally from such parts to 
leaves of the same and near-by plants. In the sum- 
mer of 1949 seed harvested the previous year from dis- 
eased fruits was planted extensively at Madison and 
at Oconto, Wisconsin, on soils not known to have been 
planted previously to cucumbers, and in all these plots 
leaf spot developed at some time during the growing 
season. At Oconto the disease appeared soon after the 
vines began to extend. At Madison, however, no signs 
of secondary infection appeared until late in the sum- 
mer. These observations and others during 1947, 1948, 
and 1949 indicated that inoculum on primarily infect- 
ed cotyledons remains viable as a source of second- 
ary inoculum for a considerable time and in sufficient 
amount to instigate epidemics at any time during the 
season when temperature and moisture are favorable 
for dissemination and for water congestion of tissue. 
RELATION OF SEED TREATMENTS TO CONTROL.—In 
extensive field trials with seed treatments for control- 
ling angular leaf spot, Gardner and Gilbert (3, 4) 
were unable to obtain complete control but materially 
reduced the incidence of the disease by using the 
drench treatment with 1:i1000 mercuric chloride. 
Weber reported complete control in Florida by this 
method. Because the degree of control obtained in 
Wisconsin fields with the mercuric-chloride treatment 
was variable, greenhouse studies on the relation of seed 
treatment to the control of angular leaf spot were 
made. Seed harvested from naturally infected fruits 
was planted in trays of clean sand and watered with 
distilled water. The treatments used, the percentage 
of germination after treatment, and the percentage of 
seedlings with infected cotyledons are in table 1. The 
results show that Arasan, hot water and mercuric 
chloride were about equally effective, but each treat- 
ment reduced the percentage of infected seedlings to 
only about one-half that from untreated seed. It is 
probable that the treatments destroyed bacteria on the 
surface of the seed and in the vicinity of the micropyle 
but did not affect those embedded within or beneath 
the seed coat. Although the number of infected seed- 
lings from collections of infected seed was under 10 
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per cent, it was sufficient to induce epidemics when the 
same lots of seed were used in field tests. Moreover, 
the reduction of the percentage of infected seeds by 
one-half through treatment did not materially change 
the extent of epidemic development when the environ- 
ment was favorable. It is doubtful, therefore, that any 
of the seed treatments used can be expected to have 
measurable beneficial effect on control of angular leaf 
spot. 


DISCUSSION AND SUMMARY 


The cotyledonary lesions, which are the source of 
primary inoculum in Wisconsin, develop when infected 
seed is germinated. Current seed treatment practices 
and others tried experimentally failed to eradicate the 
pathogen from naturally infected seed and reduced the 
percentage of infected seedlings only by approximate- 
ly one-half. From relatively few infected plants scat- 
tered throughout a field the pathogen may build up to 
epidemic proportions by continual dissemination to 
surrounding healthy plants. The pattern of dissemi- 
nation is irregular. Spattering and wind-blown rain 
and surface drainage water are effective agents; pick- 
ers and cultivation equipment are important means of 
spread when the vines are wet. 

Environmental conditions after inoculation are im- 
portant in determining the amount of disease develop- 
ment in the greenhouse. Experiments with various air 
and soil temperatures showed that when other environ- 
mental factors were favorable, the pathogen infected 
host plants over a fairly wide range of temperature. 
Disease severity increased with an increase in air and 
soil temperature up to 28° C. The optimum tempera- 
ture for host development also was favorable for pene- 
tration and disease development. Moisture, however, 
is regarded as the most important environmental fac- 
tor; no macroscopic symptoms were obtained in the 
greenhouse without some form of post-inoculation mois- 
ture treatment, and small macroscopic lesions increased 
in size as the moisture treatment was lengthened. With- 
in limits. the longer the time of the post-inoculation 
moisture treatment the greater the size of the lesions 
and the more severe the disease. When the moisture 
content of the plants was increased before inoculation 
by means of water-soaking, water congestion, or in 
moist chambers and under bell jars, infection was 
more prompt and disease development more severe. 
In one series of the temperature studies in which 32° 
C. soil temperature and 22° C. air temperature were 
maintained, the plants were killed rapidly by the path- 
ogen. In the same series less severe symptoms were ob- 
tained at 24° and 28° soil temperatures and with 22° 
air temperature. While extreme water congestion in 
cucumber plants in situ in the soil was not obtained, 
any treatment which tended to promote submacroscop- 
ic congestion aggravated the disease. 

In the study of field development of angular leaf spot 
in Wisconsin in 1948, 1949, and 1950, water congestion 
was highly important in determining the rate and de- 
gree of epidemic development. Warm days followed 
by an extreme drop in temperature during the night 
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seemed to advance the disease most effectively after 
primary infection centers were established. These con- 
ditions provided not only night dews favorable to pene- 
tration, but high rates of water absorption in warm soil. 
Consequent high transpiration leads to greater water 
congestion when transpiration is checked suddenly by 
low night temperature. 

It is doubtful that any seed treatment so far devised 
is sufficiently effective as an eradicant to be of real 
value in control. While the primary disease centers 
may be reduced in number by 


approximately one- 


(Vol. 42 


half, the ultimate effect upon epidemic development 
would be negligible when favorable temperature and 
moisture prevail for dissemination of and penetration 
by the pathogen, and for water congestion of the host 
tissue. Until a method for complete eradication of the 
pathogen is devised, emphasis should be given to study- 
ing areas for cucumber seed production where climate 
effectively prevents seed contamination and infection. 


UNIVERSITY OF WISCONSIN 
Mapison, WISCONSIN 
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Rust on Treated Seed. 
100.000 acres of saf- 
were grown in the 


Transmission of Safflower 
C. A. THoMas. 
flower, Carthamus 
United 
(Hutz. ) 


eases affecting the crop.! 


{ pproximately 
tinctorius L.., 
1950. Rust. 


Corda, was among the 


States in Puccinia carthami 
more important dis- 
[his disease is probably 
unique among the rusts in that it is seed-borne. The 
fact that it may be transmitted by teliospores carried 
on the seed has been demonstrated by Prasada and 
Chothia.? 

This note reports the dissemination of rust in 1950 
on treated seed and the effectiveness of several seed 
treatments for its control. 

Almost all of the seed for commercial plantings in 
1950 was from rust-infested fields in western Nebras- 
ka, eastern Colorado, and eastern Wyoming. The seed 
was treated with Ceresan M (7.7 per cent ethyl mer- 
cury p-toluene sulfonanilide) at 0.5 oz. per bushel. 
The author observed many commercial fields and ex- 


perimental plantings in 1950 in the above regions and 


1 Thomas, C. A. Notes on diseases of some special crops 
in 1950. U.S. Dept. Agr., Pl. Dis. Rptr. 34:391-392. 1950. 

2 Prasada, Raghubir, and Homi P. Chothia. Studies on 
safflower rust in India. Phytopath. 40:363-367. 1950. 


5. Jounson, J. Water-congestion in plants in relation to 
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6. Jones, L. R., ano S. P. DoouittLte. Angular leaf-spot 
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7. SmitH, Erwin F., anp Mary KATHERINE BryAn. An- 
gular leaf-spot of cucumbers. Jour. Agr. Res. 
[U. S.] 5: 465-476. 1915. 

8. Weser, Georce F. Angular leaf spot and fruit rot of 
cucumbers caused by Bacterium lachrymans E.F.S. & 
Bry. Fla. Agr. Exp. Sta. Bul. 207. 1929, 

9. Wires, A. B., ano J. C. Watker. The relation of 
Pseudomonas lachrymans to cucumber fruits and 

Phytopath. 41: 1059-1064. 1951. 


seeds. 


NOTES 


in Kansas, Arizona, and California. Certain isolated 
fields planted with the treated seed of the variety N8 
in Kansas, Colorado, and California, that had not been 
previously planted to safflower, showed light to heavy 
rust infection. It appeared that this infection prob- 
ably came from seed-borne inoculum. 

Tests were carried out in the greenhouse at Belts- 
ville, Maryland, to determine the amount of rust trans- 
mitted by treated and untreated seed. Seed of the va- 
riety N8 from rust-infected plants at Scottsbluff, Ne- 
braska, was supplied for these tests by Mr. Albert 
Hoffman of the University of Nebraska. Seeds were 
sown in flats of steamed soil and the seedlings were 
observed for rust infection over 4 to 8 weeks. Pyenia 
developed on the hypocotyls and cotyledons of check 
plants 10 to 12 days after planting and uredia, fol- 
lowed by telia, later developed in the same pustules. 

Ceresan M was tested most extensively since it is the 
most effective material known for controlling a seed- 
borne Alternaria sp. that causes damping-off and leaf 


blight of safflower.“ Other seed-treatment materials 


Seed treatment of safflower and _ varie- 
(Abstr.) Phytopath. 


3 Thomas, C. A. 
tal susceptibility to Alternaria blight. 
40:28. 1950. 
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TasLe 1.—Effect of seed treatment on transmission of saf- 
flower rust, Beltsville, Maryland, 1950 


Seed treatment 


co Number of Percentage of 
Material Rate per bu. seeds seedlings 
(o0z.) planted emerged—infected 

Check 3600 70.1 18.2 
Arasan Wy 1500 69.8 1.24 
Arasan 5 500 74.6— 0.268 
Arasan Excess 3800 73.4 0.251 
Dow 9B Excess 100 68.7 0.36 
Seedox Excess 100 66.0 1.50 
Panogen | 500 71.4 1.68 
Panogen 2 500 72.6— 1.65 
Ceresan M Vy, 1500 76.8 1.47 
Ceresan M ] 1500 75.1 2.75 
Ceresan M 2 3000 77.4 1.5] 
Ceresan M 3 1500 73.3 1.09 
Ceresan M 5 1500 73.4— 0.54 
Ceresan M az 1500 738 O27 
Ceresan M Excess 8400 59.8 0.019 
Ceresan M 14," 1000 70.2 1.42 
Ceresan M ] 1000 72.6 1.79 
Ceresan M ye 1000 76.4 1.31 
Parzate Excess 3000 71.7— 000 
Phygon XL Excess 3000 73.4— 0.00 


‘Jars completely filled with treated seed and sealed for 
18 hr. 


tested were Arasan (50 per cent tetramethyl thiuram- 
disulfide), Dow 9B (50 per cent zinc trichlorophen- 
ate), Seedox (trichlorophenylacetate), Panogen (2.1 
per cent methyl mercury dicyan diamide), Parzate (65 
per cent zinc ethylene bisdithiocarbamate). and Phy- 
gon XL (50 per cent dichloronaphthoquinone). All 
except Panogen were applied as dusts. In most cases 
treated seed was stored in open paper bags for one 
week before planting. 

The results, in table 1, show that 18.2 per cent of 
the seedlings grown from untreated seed were affected 
with rust. All treatments appreciably reduced seed- 
ling infection and completely eliminated hypocoty! 
infection. Ceresan M at dosages of 0.5 to 9.0 oz. per 
bu., the maximum amount of dust the seed would hold. 
did not control rust completely, although at the high- 
est dosage only one infected seedling was found in 
over 5,000 plants. The maximum dosage usually 
caused some reduction in stand. It thus appeared 
that the rust infection, observed in the fields men- 
tioned above, resulted from inoculum carried on or in 
the seed. Ny 

Hypocotyl infections usually girdled the stems and 
killed the plants. Effective seed treatments should 
result in marked increases in stand by eliminating 
hypocotyl infections and reducing the number of coty- 
leden infections. It was hoped a treatment giving 
perfect control would be found. Such a treatment 
would be particularly useful in establishing rust-free 
plantings of safflower in new areas. Parzate and 
Phygon XL gave complete control without injury in 
a limited number of tests. and further work with these 
materials is planned.—Division of Tobacco, Medicinal, 


and Special Crops, U. S. Department of Agriculture, 
Plant Industry Station, Beltsville, Maryland. 


Resistance to White Rust in Horseradish Seedlings.' 
R. W. Houcas,* G. H. Rreman,? ann G. W. StToKes.* 
White rust, induced by the fungus Albugo candida 
(Chev.) O. Kuntze, is one of the most destructive fo- 
liage diseases of the cultivated horseradish, Armoracia 
rusticana Gaertn., Mey., & Scherb. It causes heavy 
losses in the important horseradish-producing areas of 
the United States.4 Practical methods for the control 
of this disease on a commercial basis have not been de- 
veloped. Breeding and selection for resistance to the 
disease has been impossible because the Common 
horseradish is male-sterile and produces no seed. 

The smooth-leafed (Bohemian) horseradish from 
southern Europe is resistant to the disease. Five strains 
of this horseradish, introduced into the United States 
about 1900.5 were distributed to experiment stations 
and grown to a limited extent in several horseradish- 
producing areas. The Bohemian type proved to be 
inferior to the Common horseradish in root type and 
quality and has not found favor with the commercial 
grower. Certain Bohemian clones, however, do pro- 
duce some functional pollen. 

Incorporation of the white rust resistance of the 
Bohemian strains with the desirable horticultural char- 
acteristics of the Common horseradish through hy- 
bridization has been suggested as a practical measure 
in the control of this disease. Seed failure has here- 
tofore been the barrier to such an approach. Weber® 
made matings between the Common and Bohemian 
varieties of horseradish and obtained plump and 
shrunken seeds. Five of the plump seeds proved to be 
viable. Further matings have been made and numerous 
viable seeds have been procured. More than 200 seed- 
lings have been grown and tested for resistance to the 
white rust disease. 

Test plants were grown from root cuttings of the 
seedlings. Plants at the three- to four-leaf stage were 
inoculated in a moist chamber with spores from in- 
fected leaves of the Common horseradish. Bohemian 
horseradish plants were similarly inoculated and used 
as controls. The inoculated plants were held in a sat- 
urated atmosphere for 4 hr. and retained for the re- 
mainder of the trial in a humid greenhouse at 65° to 
70° F. 


A wide range of susceptibility to the disease was evi- 


1Paper No. 460 from the Department of Genetics, Univer- 
sity of Wisconsin. 

“Agent, Division of Plant Exploration and Introduction, 
Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture. 

Professor of Genetics and Research Assistant, respec- 
tively, Wisconsin Agricultural Experiment Station. 

4Kadow, K. J., and H. W. Anderson. A study of horse- 
radish diseases and their control. Ill. Agr. Exp. Sta. Bul. 
169: 531-583. 1940. 

5U. S. Department of Agriculture Plant Introductions: 
3117, 3778, 5589, 5761, 5837. 1899-1901. 

®SWeber, W. W. Seed production in horseradish. Jour. 
Hered. 40: 223-227. 1949. 
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Horseradish infected with the white rust disease. 
resistant Bohemian va- 
susceptible seedling 


Fic. 1. 
Leaf section, under surface, of: A, 
riety; B, highly resistant seedling; C, 
with disease reaction similar to that of the Common variety. 


dent in the seedling population. Three classes of host- 
parasite reaction were established: 


A. Plants with resistance comparable to that expressed 
by the Bohemian variety. There was some sorus de- 
velopment (Fig. 1, A), and some sporulation under 
optimum conditions for the disease. 

B. Plants with a higher degree of resistance to the dis- 
ease than the Bohemian variety. Sorus development 
was limited (Fig. 1. B) and sporulation was not 
observed. 

C. Planis which were more susceptible to the disease 
than the Bohemian variety. The variation within this 
class was large. ranging from plants with a slightly 
greater susceptibility to plants which appeared to be 
even more susceptible than the Common variety. 
Numerous sori developed (Fig. 1, C) and sporula- 

tion was abundant on the more susceptible seedlings. 


Two hundred and seventeen seedlings, including 169 
hybrids between the Common and Bohemian varieties 
and 48 selfs of the Bohemian variety, were inoculated. 
The distribution of the hybrid seedlings in classes A, 
B, and C was 4, 3, and 162, respectively; the distribu- 
tion of the Bohemian selfs was 9, 8, and 31. 
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None of the seedling plants have been tested for 
white rust resistance in the field. The previous reports 
of Kadow and Anderson concerned with the high 
resistance of the Bohemian variety, and field observa- 
tions confirming these reports would seem to indicate, 
however, that the conditions of these trials were more 
severe than those generally encountered in the field.— 
Division of Plant Exploration and Introduction, U. S. 
Department of Agriculture, and Wisconsin Agricul- 
tural Experiment Station. 


Additional Notations on the Red Leaf Virus of 
Filaree.!. Curis W. Anperson. The filaree red leaf 
virus was recently described by while the 
writer reported® on the vector relationships between 
this virus and Macrosiphum zerozalphum. The present 
paper presents certain additional data concerning this 


Frazier 


virus disease. 

The red leaf virus was recovered from all plant 
species reported susceptible by Frazier and from 
Geranium molle. Zea mays L.. Trifolium incarnatum 
L.. Fragaria bracteata Heller, Pelargonium domesticum 
Bailey, and several non-Geraniaceous species tested by 
Frazier showed no evidence of infection in tests by the 
writer. Tests with Erodium chamaedryoides and its 
variety roseum indicated that this plant is susceptible, 
but attempts to recover the virus failed. 

Among the species reported by Frazier as showing 
no symptoms of infection is Pelargonium hortorum. In 
this one case, six of 38 test seedlings inoculated by the 
writer showed vague symptoms, unlike those of red 
leaf but possibly suggesting geranium leaf curl. At- 
tempts to recover the virus from these plants failed, 
and P. hortorum still cannot be considered susceptible 
to the red leaf virus. 

Frazier? listed the symptoms of red leaf infection, 
which include veinclearing, mild chlorosis, mild petiole 
curvature, stunting, leaflet curling, marginal redden- 
ing, and floral sterility. Perhaps the most characteris- 
tic symptoms of red leaf infection are a dark green 
veinbanding that can be seen from the abaxial side of 
leaves held against the light (Fig. 1, A), and margin- 
al reddening, a symptom displayed by every suscept 
except E. chamaedryoides. Figure 1, C, illustrates the 
veinclearing and veinbanding that are the sole symp- 
toms of red leaf infection in E. chamaedryoides and its 
variety roseum. Figure 2 shows the dwarfed, twisted 
fruits commonly produced during the early stages of 
infection by filaree plants inoculated in or near the 
flowering stage. 

Evidence of infection was lacking in 147 white-stem 
filaree seedlings reared from such seed. Thus the virus 


1A condensed portion of a thesis presented to the grad- 
uate division of the University of California, June 1950, in 
partial fulfillment of the requirements of the degree of 
Doctor of Philosophy. 

“Frazier, Norman W. Red leaf, an aphid-borne virus dis- 
ease of filaree. Phytopath. 41: 221-227. 1951. 

3Anderson, Chris W. The insect vector relationships of 
the filaree red leaf virus, with special reference to a latent- 
period difference between nymphs and adults of Macro- 
siphum geranicola. Phytopath. 41: 699-708. 1951. 
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Fic. 1. Symptoms of the red leaf virus. A, veinbanding 
on leaflet of Erodium moschatum as seen against the light. 
B, healthy control. C, veinbanding on leaf of F. chamae- 
dryoides roseum. D, healthy control. 


is rarely or never seed-borne, although it is possible 
that it might enter or remain in oc 
duced by plants during their late iis of infection. 


asional seeds pro- 


Erodium moschatum is susceptible to curly top* 
California aster yellows®, and western cucumber mo- 
saic. E. cicutarium and E. botrys are also susceptible 
to the above three viruses 4: 5 ® 7 while E. cicutarium 
and E. cygnorum are infected by tomato virescence* 
and E. macrophyllum is susceptible to curly top.‘ More 


4Carsner, E. Susceptibility of various plants to curly top 
of sugar beet. Phytopath. 9: 413-421. 1919. 

5Frazier, Norman W., and Henry H. P. Severin. Weed- 
host range of California aster yellows. Hilgardia 16: 619 
650. 1945. 

6Mitchell, J. H. Weed host range of western cucumber 
mosaic. Unpublished M. A. Thesis. Univ. California 
(Berkeley). 1939. 

7Severin, Henry H. P. Weed host range and overwinter- 
ing of curly-top virus. Hilgardia 8: 261-280. 1934. 

SHill. A. V. Insect transmission and host plants of vires- 
cence (big bud of tomato). Austr. Counc. Sci. Ind. Res. 
Jour. 16: 85-90. 1943. 





Ly 


Fic. 2. Effects of the red leaf virus on the trusting 
Erodium moschatum. A-—E, diseased; F-G, healthy. Note 
tendency (A, E) of carpels to remain attached to recep- 
tacles by their styles; dwarfed, twisted fruits (B, C); and 
sterile fruits produced by plants that have been diseased 
longer (D). Healthy fruits (F) are still green. 











recently, Freitag? has reported that Erodium cicutari- 
um is susceptible to the Pierce’s disease virus. Frazier 
has differentiated the symptoms of red leaf from those 
of California aster yellows on white-stem filaree. The 
writer found that both curly top and western cucumber 
mosaic can be distinguished from red leaf on white- 
stem filaree primarily because these viruses do not 
cause the veinbanding or the striking marginal red- 
dening of red leaf. Moreover, the margins of the young 
leaves of curly-top plants curl inward whereas those 
of red leaf curl outward. Western cucumber mosaic 
causes no fruit symptoms. Tomato virescence was not 
available, but Hill’ seems to imply that virescence, 
which is not caused by red leaf, is a symptom of this 
virus on E,. cicutarium. Limited tests indicated that 
tobacco mosaic and spotted wilt do not produce symp- 
toms on E. moschatum. 

The fact that the red leaf virus persists in its aphid 
vectors and is not juice-transmissible separates it from 
most other plant viruses. Host range and vector differ- 
ences separate it from other persistent aphid-borne 
viruses. Thus, unless the red leaf virus is, as seems 
unlikely, a synonym of geranium leaf curl or of gerani- 
um mosaic, it is probably distinct from all other known 
viruses.—Agricultural Experiment Station, Gainesville, 
Florida. 


9Freitag, J. H. Host range of the Pierce’s disease virus 


of grapes as determined by insect transmission. Phytopath. 


$1: 920-934. 1951. 




















REPORT AND 


NORTHEASTERN DIVISION OF THE 


ABSTRACTS OF THE SIXTH ANNUAL MEETING OF THE 


AMERICAN 


PHYTOPATHOLOGICAL SOCIETY 


The sixth annual meeting of the Northeastern Divi- 
sion of The American Phytopathological Society was 
held in the Eastern States Farmers’ Exchange Audi- 
torium at West Springfield, Massachusetts, November 
6 and 7, 1951. Approximately 80 persons attended the 
meeting representing Maine, New New 
York, Rhode Island, Massachusetts, Connecticut, Penn- 
sylvania, New Jersey, and Maryland. Seventeen tech- 


Hampshire, 


ABSTRACTS OF 


The effect of fluorine on vegetation u hen applied through 
the substrate or in the atmosphere as in Huenced by plant 
nutrition and environmental factors. DAtines, Ropert H., 
IpA LEONE, AND EILEEN BreNNAN. From studies at the New 
Jersey Agricultural Experiment Station to determine the 
effects of fluorine on vegetation it has been found that 
plants absorb fluorine both from the atmosphere and from 
the soil, thereby accumulating abnormally high fluorine con- 
tents often resulting in the development of typical symp- 
toms of F toxicity. Different species vary in the minimum 
concentration of F necessary to produce visible injury, in 
their capacity for F uptake, and in the relation between f 
content and extent of injury. In experiments with tomato, 
plants in an optimum growing condition with respect to 
nitrogen, calcium, and phosphorus tend to be more suscepti 
ble to fluorine injury from the soil and, to a lesser extent, 
from the atmosphere. In soil studies as the pH of the soil 
was increased by the addition of lime, the degree of fluorine 
toxicity and the amount of fluorine absorbed by the plants 
were minimized. Moisture was of considerable importance 
in determining the extent of plant injury from atmospheri: 
fluorine. Conditions conducive to greater degree of injury 
and fluorine absorption are high humidity, 
turgidity of the plant, and wetting of the plant surfaces. 
The application of lime spray materials to plants prior to 


atmospherl 


fluorine fumigation increases the fluorine content of the 
leaf. Since much of this is removable by washing with 


water or detergents, it is believed that the presence of cal 
cium on the leaf surface actually serves as a deterrent to 
fluorine absorption by the leaves, 
absorption in the soil. The problem of distinguishing be 
tween fluorine coming from the atmosphere or from the sub 
inalyses of leaves and roots, in- 


much as it decreases root 


strate is partly solved by 
asmuch as the distribution gradient is characteristic of the 
source of entry. Atmospheric fluorine results in a high leaf 
and low root content; soil fluorine causes a high leaf and 
even higher root content. Furthermore, work in progress 
indicates that a considerable amount of fluorine in fumi 
gated foliage is removable by washing with water or dete1 
gents. This coincides with the amount normally dissipated 
by a fumigated plant weeks after fumiga 
tion. To date it does not appear that there is a compara 
ble loss of fluorine from root-tre 

Effect of railroad transit conditions on certain potato tu 
ber diseases. Fotsom, DoNnaALp, Harry Q. Roacu, JAMEs S. 
WIAnNT, AND J. KAUFMAN. Ten samples from each of vari 
ous potato stocks, varying in weight from 10 to 100 Ib., 
were examined in Maine. Thi person examined the 
same number of duplicate samples after shipment to New 
York City. The transit period was about 1 week and the 
mean car temperature during shipment was 43° to 50° F. 
Usually leafroll net necrosis and stem-end browning (virus) 


within several 


ated plants. 


same 


nical papers were presented. At the evening meeting, 
November 6, Dr. L. O. Kunkel spoke on “A review of 
forty years of research in the field of plant viruses.” 
Officers elected to serve during 1952 were as follows: 
President, J. M. Hamitton; Vice President, S. G. 
YOUNKIN; Secretary-Treasurer, J. S. Tiop: Councilor, 
L. M. Brack. S. G. YOUNKIN 
Secretary-Treasurer 


PAPERS PRESENTED AT THE MEETING 


increased in severity in transit; mahogany browning (in- 
duced by several months’ exposure to low temperatures next 
to the outside walls of storage bins) and bacterial ring rot 
increased in prevalence and severity; late blight rot did not 
increase after mid-November, but bacterial soft rot and 
Fusarium rot associated with late blight rot did increase. 
When stocks soiled by breakdown of frozen tubers had 
been “cleaned” with rubber brushes and sawdust, scorable 
bruises, lesions, and soft rot increased in transit. Mahog- 
any browning occurred in all parts of the tuber, but it was 
most prevalent and severe in the larger tubers of all stocks. 

Soft rot of lettuce and escarole caused by Pseudomonas 
marginalis. FriepMAN, B. A. A number of isolations were 
made from leaves of Arizona-grown head lettuce (Lactuca 
sativa L..) and Florida-grown escarole (Cichorium endivia 
L.) found to have a bacterial slimy soft rot upon examina- 
tion at the New York market. Three pathogenic isolates 
were obtained from escarole and six from lettuce. All nine 
isolated produced soft rot upon leaf inoculation of both let- 
tuce and escarole. The bacterial isolates consisted of Gram 
negative rods. They formed a greenish fluorescent pig- 
ment in asparagine broth but no pyocyanin; liquefied 
gelatin; reduced nitrates to nitrites; formed acid, but no 
gas, in brom cresol purple synthetic broth from sucrose, 
lactose, and maltose; and failed to form acid from salicin. 
Che bacteria were considered to be identical with Pseudo- 
monas marginalis (Brown) Stevens. 

Breeding carnations for resistance to Fusarium wilt. 
Guba, E. F. The performance of numerous carnation vari- 
eties to Fusarium wilt caused by the fungus F. dianthi 
Prill. & Delaer. was determined by surveys, questionnaires, 
and artificial infection studies. Selfing and crossing flowers 
of resistant types, and testing the reaction of the progeny 
with inoculum of the fungus from pure culture, have yield- 
ed numerous resistant seedlings in a variety of colors and 
types. The most promising seedlings are assigned to grow- 
ers for further appraisal and commercial development. By 
this procedure several new varieties resistant to Fusarium 
wilt originated at Waltham have been introduced to the 
trade. These are: Waltham Pink (John Briry Dorothy 
Napier); Regal Pink (Puritan Helen Hussey); Spicy 
Rose (Puritan Eleanor); and Mrs. E. F. Guba, almond 
and pink variegated (John Briry Dorothy Napier). 
These four varieties are also resistant to rust (Uromyces 
caryophyllinus (Schr.) Wint.) and blight (Alternaria 
dianthi Stev. & Hall). Other promising wilt-resistant seed- 
lings in the process of appraisal and development are: No. 
7, Yellow variegated (Elizabeth Rowe & Helen Hussey) ; 
No. 10, Rose Pink (parentage unknown); No. 23, Orange 
Crimson variegated (John Briry Helen Hussey); No. 


23-W, Light Rose (Elizabeth Rowe Helen Hussey) ; 
No. 40, Rose Pink (Elizabeth Rowe & Helen Hussey) ; 
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No. 61, Yellow Crimson variegated (Puritan & Helen 
Hussey); No. 209, Dark Pink (John Briry Woburn) ; 
and No. 210, Light Pink (John Briry & Eleanor). 

Inherited resistance to Colletotrichum phomoides in to- 
mato. Hoapitey, A. D. Hereditary anthracnose resistance 
of a relatively high order is present in some lines of the 
cherry tomato, Lycopersicon esculentum var. cerasiforme. 
Anthracnose-resistant, large-fruited tomato lines have been 
developed through repeated backcrosses of resistant lines 
selected from a cross between the resistant cherry tomato 
and the susceptible Rutgers variety. Single plant selec- 
tions made with detached fruit artificially inocu- 
lated with a spore suspension of Colletotrichum phomoides. 
The relative resistance of large-fruited lines was deter- 
mined through replicated tests of naturally infected fruit. 
In one test, the percentage of anthracnose averaged 32.5 
for Rutgers, 7.8 to 16.3 for the resistant selections, and 
0.5 for the cherry tomato. Fruit size of the resistant selec- 
tions varied from 126 to 192 fruits per 35-lb. basket as 
compared to 123 for Rutgers. The inheritance pattern of 
anthracnose resistance has not been determined but is 
apparently of a complex nature. 


were 


Use of primary lesions to determine relative suscepti- 
bility of individual plants. Hotmes, Francis O. Primary- 
lesion methods are now applicable to measurement of con- 
centrations of some fourteen phytopathogenic viruses. For 
this purpose, test plants are chosen to be as uniformly sus- 
ceptible as possible and variations in lesion counts are in- 
terpreted as indicating differences in viral concentrations. 
By reversing this process and using inoculum of known in- 
fectivity, variations in lesion counts can be utilized to 
indicate differences in susceptibility among individual 
plants. Sometimes, however, it is desired to test suscepti- 
bilities of plants that do not ordinarily show primary 
lesions. Some change in technique is then required. This 
is illustrated in recent studies of tomato plants derived 
from hybrids of low susceptibility to infection by tobacco- 
mosaic virus. Ordinary strains of the virus do not induce 
formation of visible primary lesions in foliage of tomato. 
Accurate separation of plants of high from those of low 
susceptibility was attained in this case by substituting for 
ordinary tobacco-mosaic virus a mutant strain, designated 
as 1952D, that produces necrotic primary lesions at sites of 
inoculation in tomato leaves whenever infection occurs. 
The number of necrotic lesions depends on, and serves to 
measure, the relative susceptibility of individual plants to 
infection by this and ordinary strains of the virus. 

Relation of laboratory ED50 to field performance of 
fungicides. Keir, Harry L., James G. HorsraLit, AND SAUL 
Ricu. Earlier it was reported (Chapman et al., Phytopath. 
10: 4-5. 1950) that given equal ED590 values, organic 
fungicides, in general, perform in the field in the order of 
their resistance to rainfall. Resistance to rainfall was 
measured by the slope of the wash-off curve. During the 
past three years, a number of miscellaneous organic com- 
pounds have been field-tested as protectants against apple 
scab, bean anthracnose, and other diseases. These fungi- 
toxic compounds were all chosen because of their high 
resistance to removal by rain; i.e., they gave wash-off curves 
with flat slopes. In general, the field performance of these 
materials was directly related to their laboratory ED50 
values. The ED50 values for fungitoxicity were obtained 
from dosage-response data using the spores of Stemphy- 
lium sarcinaeforme and Sclerotinia fructicola. Of the two 
organisms, S. fructicola appeared to be more efficient for 
finding protectants against apple scab, whereas S. sarcinae- 
forme seemed better for finding protectants against bean 
anthracnose. Some compounds which showed unexpected- 
ly poor field performance were afterwards found to be 
chemically unstable in a thin spray deposit. It should be 
emphasized that there is considerable variability in the 
relation of laboratory evaluations to field performance. 

Root injury as a factor in the assessment of chemothera- 
peutants for Fusarium wilt. Keywortu, W. G., Ano A. E. 
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Dimonp. Certain types of injury to the roots of tomato 
plants before their inoculation with Fusarium lycopersici 
resulted in greatly reduced disease severity. Such injury 
was accomplished in three ways: (a) dipping the roots in 
water at 55° C. for 30 seconds, (b) periodic root-pruning, 
and (c) the application of sublethal doses of aluminum, 
calcium, ferric, potassium, and sodium chlorides, sodium 
sulfate, potassium bromide, and hydrogen peroxide. The 
various treatments used had only one factor in common, 
viz., root injury. It therefore appears that disease reduc- 
tion resulted from the root injury per se and not from the 
action of any specific treatment. In further tests with hy- 
drogen peroxide the roots of treated and check plants were 
cut to %8 in. long immediately before inoculation. The 
treated plants still showed little disease although the checks 
were severely wilted. It is thus probable that the effect 
resulted from a change in host resistance and not merely 
from inhibition of the pathogen at the injured root sur- 
faces. Some, but not all, of the chemicals selected by the 
tomato Fusarium wilt chemotherapy test cause consider- 
able root injury (e.g., n-octadecyltrimethylammonium penta- 
chlorophenate—Code No. HD3). Such injury must there- 
fore be taken into account in considering the mode of 
action of these chemicals. 

Temperature in relation to retention of viability of en- 
cysted larvae of the golden nematode of potato, Heterodera 
rostochiensis Wollenweber. Mat, W. F. Golden nematodes 
were stored air-dry in Petri dishes and in moist soil for a 
6-month period at six temperatures ranging from 3° to 
37° C. Survival of encysted larvae in moist soil decreased 
as the temperature increased, but, with the exception of a 
higher mortality at 37°, the storage temperature had very 
little effect upon the retention of viability of air-dried 
encysted larvae. The average soil temperatures at a depth 
of 6 in. for Long Island, New York, and for Leesburg, 
Florida, during the 8-month period when potato crops are 
not grown commercially in each area were duplicated in 
soil temperature tanks. The average monthly New York 
soil temperatures varied from 1° to 23° C. with an average 
of 9°, and the Florida monthly soil temperatures varied 
from 21° to 30° C. with an average of 26°. The tempera- 
tures were changed at the beginning of each month to 
correspond with the average monthly temperature in the 
area that the particular tank was to represent. A high 
percentage of encysted larvae remained viable after ex- 
posure to Florida soil temperatures for an 8-month period. 
The survival of nematodes, however, at Florida tempera- 
tures was significantly lower than the survival at New 
York soil temperatures. 

Inability of aster-yellows and corn-stunt viruses to mul- 
tiply in each other's vectors. MarAmoroscu, Kari. An 
attempt was made to determine whether or not the aster 
yellows virus can multiply in the vector of corn stunt, 
Dalbulus maidis, and conversely, whether the corn stunt 
virus can multiply in the vector of aster yellows, Macro- 
steles divisus. The viruses were obtained from infective 
insects macerated at 0° C. The insect juices were diluted 
to 10-2 with neutral buffered 0.25 M NaCl solution and 
centrifuged at 3000 r.p.m. for 5 min. The supernatant 
fluids were used for insect injections. Three “blind” 
passages were made at 30-day intervals. Aster leafhoppers 
with corn stunt virus were kept on asters at 30° C. and 
corn leafhoppers with aster yellows virus on corn at 25° 
C. Finally the juices of both groups of surviving inocu- 
lated insects were used for the injection of the proper 
vector species and the leafhoppers were individually tested 
on susceptible plants for the remainder of their lives. No 
transmission occurred in either group. Controls proved 
virus-free. It was concluded, therefore, that aster yellows 
and corn stunt viruses do not multiply in each other’s 
vectors. The ability of aster yellows virus to multiply only 
in its own vector may explain its specificity in transmitting. 

Pruning elms affected with Dutch elm disease. Mars- 
peEN, Davin H. Small-scale trials have shown that the 














114 PHYTOPATHOLOGY 


elimination of Dutch elm disease from individual trees by 
pruning is possible in a surprisingly high percentage of 
selected cases. All trees involved were inoculated natural- 
ly with Ceratostomella ulmi (Schwarz) Buisman. The 
diseased trees were detected during the course of routine 
sampling of elms for disease confirmation in Ambherst, 
Massachusetts, and vicinity. In 1950, by prompt pruning 
out of all visibly affected parts, 8 of 12 trees were ap- 
parently freed of the disease. In 1951 twelve additional 
trees were pruned, of which seven manifested no further 
symptoms during the season. Early detection of wilt symp- 
toms and prompt removal of all symptomatic parts are 
essential to success. More than 5 per cent wilting in the 
crown and discoloration of sapwood extending into the 
trunk militate against the probable success of pruning. 

A method of obtaining a high incidence of powdery mil- 
dew on snap beans in the greenhouse for fungicide screen- 
ing tests. Mitter, Harotp J. Powdery mildew readily 
occurs on snap beans in the experimental greenhouse, but 
growth and maturity of the bean plant with subsequent 
defoliation exceeds the rate of spread of this disease so 
that adequate counts are difficult to obtain in fungicide 
tests. Treatment of plants at primary leaf stage by a 
spray application of maleic hydrazide (0.125 per cent) or 
pentachlorobenzoic acid (0.01 per cent) inhibits growth 
of trifoliate leaves and causes the primary leaves to be 
retained, with a resulting increase in vigor. Primary 
leaves can be sprayed once with fungicide and kept in the 
greenhouse until mildew builds up sufficiently for a good 
reading. Typical data on control as indicated by average 
number of spots on two leaves of four plants are as fol- 
lows: check (maleic hydrazide), 118; check (pentachloro- 
benzoic), 210; wettable sulfur (4-100), 0.0; NP-770 (a 
complex phenol) (1-100), 8.0. 

Retention of strains of tobacco mosaic 
seeds. RAycHAupuuRI, S. P. Diseased tomatoes showing 
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Brunswick and Bridgeton, New Jersey. 
from these tomatoes were germinated in the greenhouse at 
weekly intervals. Extracts from seedlings were tested on 
Nicotiana glutinosa to determine the presence of tobacco 
mosaic virus. Only seedlings raised from seeds stored for 
one week were found infected with the strains of virus as 
sociated with internal browning. Stored seeds from toma- 
toes infected with the ordinary strain of tobacco mosaic 
virus, however, retained the virus for 27 days. Dry seeds 
from tomatoes affected by internal browning 
tained the virus externally for at least 2 weeks, although 
the amount of virus was much reduced. 

Using half-tree plots for increasing efficiency of fungi- 
cide tests. Ricu, SAut. Making comparisons on the two 
opposite halves of the same biological unit has been suc- 
cessfully employed in the half-leaf technique used in virus 
studies. The basic premise is that two halves of the same 
biological unit are much less heterogeneous in their re- 
sponse than are two separate individuals. This approach 
was tried in comparing fungicides in the field by the use 
of half-tree plots. Different treatments were applied to 
opposite halves of the same tree. This technique had the 
added advantage of doubling the number of treatments that 
could be tested. Half-tree plots were used on 28 standard 
McIntosh trees for the past two The treatments 
were applied to the east and west halves of the trees. An 
analysis of variance segregated the block error, and showed 
no significant east-west effect. Other regression studies 
disclosed that the amount of disease in poor treatments was 
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directly affected by the amount of disease in the opposite 
half-tree. Good treatments, however, were not affected in 
this manner. There was no detectable cross-tree contami- 
nation by spray drift. This technique can perhaps be used 
to detect systemic effects. 

Bacterial fire blight of raspberry. STARR, Mortimer P., 
Canuto Carpona, AND DoNnatp Fotsom. From diseased 
Latham red raspberry in central Maine, where apple fire 
blight is rare and has not been found since 1943, a bacterial 
organism was isolated which bacteriologically was identical 
with Erwinia amylovora. Midwinter greenhouse inocula- 
tions and reisolations in Maine repeatedly proved the or- 
ganism pathogenic to raspberry. Contemporary inocula- 
tions showed the organism to be nonpathogenic to apple 
and showed that cultures of Erwinia amylovora from apple 
were pathogenic to apple but not to raspberry. The name 
Erwinia amylovora f. sp. rubi has been suggested for the 
raspberry organism (Phytopath. 41: 919. 1951). Natural 
field infection and greenhouse infection of raspberry oc- 
curred on leaves, flower buds, and stems, caused a purple 
discoloration, were soon followed by exudation of bacterial 
drops, and finally were followed by invasion of diseased 
tissues by Fusarium, Botrytis, Alternaria, and Cladosporium. 
Field infection was apparently much reduced in 1951 by 
prompt removal of all young purple shoots. 

Awl nematode injury on Chinese waterchestnuts. Tar- 
yAN, A. C. Since the successful introduction of Chinese 
waterchestnut (Eleocharis dulcia) into the United States 
a number of years ago, interest in the culture of this plant 
has been increasing. In one extensive planting in South- 
eastern United States svmptoms of decline of these plants 
have recently been noticed. Examinations of roots and 
soil from affected plants revealed the of awl 
nematodes, Dolichodorus heterocephalus. In an attempt 
to evaluate the effect of these nematodes on waterchestnuts, 
two lots of 12 replicate I-gal. crocks each containing 
three plants growing in a water-saturated sandy loam were 
inoculated with nematode suspensions containing either 
750 or 1500 D. heterocephelus. The third lot of 12 cracks 
remained uninoculated. Crocks were completely random- 
ized and plants grown at an average soil temrerature of 
24° C. After 3% months, data were obtained on total 
weight of plants, weight of roots. and number and weicht 
of corms produced. Noninoculated control plants had a 
significantly higher total and root weight than inoculated 
plants. Counts of D. heterocenhalus from the soil in which 
plants had been growing indicated that these nematodes 
found EF. dulcis a suitable host and had reproduced on it. 

Control of gray leaf spot and anthracnose of tomato. 
Younkin, S. G., F. L. Merwartu, anp A. D. Hoaptey. 
Gray leaf spot of tomatoes caused by Stemphylium solani 
occurred in epiphytotic nroportions in New Jersey, Penn- 
svivania, and on the Eastern Shore of Maryland and 
Virginia in 1949, 1950, and 1951. Tests were conducted 
during two years to determine efficacy of different fungi- 
cides on control of gray leaf spot and anthracnose. In one 
typical test defoliation averaged 15, 34, 41, 56, and 75 
per cent in replicated plots sprayed seven times with man- 
ganese ethvlene bisdithiocarbamate, zineb, ziram. tribasic 
copper sulfate, and no fungicide, respectively. Incidence 
of anthracnose (Colletotrichum phomoides) in three tests 
showed that manganese ethylene bisdithiocarbamate was 
equal to ziram in controlling anthracnose. Where de- 
foliation was prevalent zineb and ziram controlled anthrac- 
nose equally well, but in the absence of pronounced de- 
foliation ziram was more effective than zineb. 
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